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SECTION I 
GENERAL INFORMATION 


1-1. DESCRIPTION. 


1-2. The Model 8745A S-Parameter Test Set con- 
tains the necessary microwave circuits for measuring 
S parameters from 0.1 to 2.0 GHz. It is designed to 
be used with a compatible phase-amplitude ratio 
indicator, such as the Model 8410A Network Analyzer 
or Model 8405A Vector Voltmeter. The measuring 
circuits for each s parameter are automatically set 
up with a front-panel pushbutton or with remote 
contact closures. 


1-3. The s parameters of almost any device,such 
as a microwave component or a transistor, can be 
measured uSing one of the accessory fixtures. For 
transistor measurement, terminals are provided to 
apply de bias. An accessory quick-connect adapter 
allows fixtures to be connected and disconnected from 
the 8745A with quick, simple lever action. 


1-4. A built-in, calibrated line stretcher simplifies 
initial phase calibration and allows the plane of 
measurement to be extended beyond the 8745A 
terminals. 


1-5. ACCESSORIES FURNISHED. 


1-6. A rack-mounting kit, a male 36-pin connector 
(HP Part Number 1251-0084), a detachable power 
cable, and a platform to extend the sub-deck are 
furnished with the Model 8745A (see Figure 1-1). 


1-7. RACK MOUNTING KIT. 


1-8. The rack mounting kit contains all the hard- 
ware needed to adapt the Model 8745A cabinet for 
installation in equipment racks with standard 19-inch 
spacing. Instructions for conversion torack mounting 
are included with the kit. 


1-9. THIRTY-SIX PIN MALE CONNECTOR. 


1-10. The 36-pin male connector mates withthe rear- 
panel REMOTE INPUT connector, and permits all 
necessary remote programming and bias connections 
to be made to the 8745A. (See Table 3-1 for wiring 
information.) 


1-11. SUB-DECK EXTENSION. 


1-12. The sub-deck extension extends the sub-deck 
which supports the 8411A Harmonic Frequency Con- 
verter of the 8410A Network Analyzer. The sub-deck 
extension prevents strain on the connectors when 
attenuators are used between the 8411A and 8745A. 


1-13. ACCESSORIES AVAILABLE. 


1-14. TRANSISTOR FIXTURES. 


1-15. The Models 11600A,B and 11602A,B Transistor 
Fixtures provide a convenient and accurate way to 
hold transistors and many other devices when making 
s-parameter measurementsfrom dc to 2.0 GHz. The 
11600A,B accepts transistors with TO-18 and TO-72 
base patterns, and has four snap-on dials, two for 
bipolar transistors and two for FET's. The 11602A,B 
accepts transistors with TO-5 and TO-12 base pat- 
terns. It has two snap-on dials for different types of 
bipolar transistors and provides for FET's without a 
dial. Whenatransistor fixture is used withthe 8745A, 
transistor bias connections are made through the 
S-Parameter Test Set. The RF input and output con- 
nectors on the transistor fixtures mate with APC-7* 
style 50-ohm precision 7 mm sexless connectors. 


1-16. CALIBRATORS. 


1-17. Two calibrators, a short circuit termination 
and a 50-ohm through section, are furnished with the 
Model 11600B and 11602B Transistor Fixtures. A 
50-ohm load is also available as an option on both 
models. These calibrators are used to calibrate the 
equipment setup for a known reference, 


1-18. UNIVERSAL EXTENSION. 


1-19. The Model 11604A Universal Extension is 
composed of four rotary joints and two rotary air 
lines. It allows the 8745A input port spacing to be 
adapted to almost any microwave component, pro- 
viding the accuracy of rigid air line with the flexibility 
of cable. The two connectors which attach the Uni- 
versal Extensiontothe 8745A mate with APC-7* style 
connectors and the two connectors that attach to the 
device under test are APC-7* style 50-ohm precision 
7mm sexless connectors. A coaxial link is included 
with the Universal Extension. The coaxial link re- 
places the 8745A rear-panel coaxial link to compen- 
sate for the Universal Extension's electrical length. ** 


1-20. QUICK CONNECT ADAPTER. 


1-21. The Model 11599A Quick Connect Adapter con- 
nects and disconnects Model 11600-series transistor 
fixtures and the Model 11604A Universal Extension 
withthe simple motion ofalever. Inadditionto saving 
time, this lever-action coupling eliminates wear on 


* Amphenol RF Division, Danbury, Connecticut. 


** For test units equipped with rear-panel coaxial 
link, 
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Table 1-1. 


Frequency Range: 


100 MHz to 2 GHz. Canbe used below 100 MHz 
since coupler directivity remains above 36 dB. 


Impedance: 


50 ohms nominal. 


Directivity: 


Below 1 GHz, > 36 dB; 1-2 GHz, > 32 dB. 


Coupling: 


Above 120 MHz, 20 dB nominal; below 120 MHz, 
rolls off at 6 dB/octave. 


Insertion Loss: 
From RF input to test ports, 4 dB nominal. 


From test ports to 8405A or 8410A outputs, 20dB 
nominal. 


Load Match’: 


Reflection coefficient (VSWR) 
<0.10 (<1.22), 100-200 MHz. 


<0. 063 (<1. 13), 200-2000 MHz. 


2 
Source Match : 
Effective reflection coefficient (VSWR) 


<0.057 (<1. 12), 0.11-2.0 GHz. 


Maximum RF Power: 


2 Watts. 


Model 8745A 
Specifications 


Connectors: 


RF Input: Type N female. 
Test Ports: APC-7 precision connectors. 


Outputs to 8405A or 8410A: Mates with APC-7— 
precision connectors. 


Option 001, Type N female (for use with 8405A 
Vector Voltmeter). 


Reference Plane Extension: 
Maximum length 30 cm, 0.01 cm precision. Ex- 


tends reference plane 0 to 15 cm. 


Microwave Coax Switches: 


Typical switching time, 40 msec. 


Estimated switch lifetime > 1 million cycles. 


Remote Programming: 


Remote s parameter selection by closing 2 con- 
tacts of 36-pin rear panel connector to common 
pin. Contact is at 12 volts and short tocommon 
will draw 12 mA. 


Transistor Biasing;: 


Bias and bias sensing connections are made to 
the biasing networks built into the 8745A via the 
36-pin rear panel connector. 


Maximum Bias: 


100V dc (50V de on instruments with serial num- 
ber prefixed 823-); 1.0 amp. 


Power: 

115 or 230V +10%, 50 to 1000 Hz, 40 watts. 
Weight: 

35 1b. (15, 9 ke): 


Dimensions: 


5-1/2 x 16-3/4 x 25-3/4 inches (139 x 423 x 
650mm). 


Load Match: Reflection coefficient of the port used to terminate the device under test. 


Source Match: Effective Reflection coefficient of the port used to supply incident signal to the device 
under test. A function of directivity and main line VSWR of coupler monitoring incident 
signal, and not a function of signal source VSWR. 


Amphenol RF Division, Danbury Connecticut. 
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connector coupling mechanisms. Two permanently- 
attached, hand-tightened screws fasten the adapter in 
place over the input port connectors ofthe test set. A 
plug-in slide that supports and aligns the transistor 
fixtures and a wrench for adjusting coupling action are 
Supplied with the adapter. 


1-22. ACCESSORY KIT TO CONNECT MODEL 8405A 
TO MODEL 8745A. 


1-23. The Model 11570A Accessory Kit includes one 
Model 11549A Power Splitter (used to make initial 
calibration of 8405A), two 11536A 50-ohm Tees, and 
two 908A Terminations. In addition to the 11570A 
Accessory Kit, two Model 11524A APC-7* to female 
type N adapters are required to make connections to 
the 8745A, 


1-24. COMPLEMENTARY EQUIPMENT. 


1-25. MODEL 8410A NETWORK ANALYZER. 


1-26. The 8410A Network Analyzer measures relative 
amplitude and phase of two RF input signals. The 
instrument is capable of single- or swept-frequency 
measurements in the range of 0.11 to 12.4 GHz. Two 
plug-in display units are available. The 8413A plug-in 
unit displays relative amplitude and phase data ona 
meter. Phase and amplitude output signals allowdis- 
play of swept signals on an oscilloscope or X-Y re- 
corder. The 8414A plug-in unit displays relative 
amplitude and phase data in polar coordinates on a 
5-inch CRT for either swept or CW measurements. 


1-27. MODEL 8405A VECTOR VOLTMETER. 


1-28. The 8405A Vector Voltmeter measures mag- 
nitude and phase at single frequencies in the range of 
1.0 MHz to 1.0 GHz. Signal magnitude and phase are 
displayed on separate meters. 


1-29. MODEL 8717A TRANSISTOR POWER SUPPLY. 


1-30. The 8717A Transistor Power Supply is designed 
especially for use with the 8745A S-Parameter Test 
Set and the 11600A,B and 11602A,B Transistor Fix- 
tures. This programmable supply provides bias 
levels for the semiconductor devices tested in the fix- 
tures. Feedback circuits within the supply provide 
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very stable bias conditions. Overload protection for 
the device undertestis selectable. Maximum current 
is 500 mA and maximum voltage is 30 Vdc. 


1-31. MODEL 8690B SWEEP OSCILLATOR MAIN- 
FRAME WITH 8699B PLUG-IN. 


1-32. The entire range of the 8745A is covered in 
one Sweep range of the 8699B plug-in. The 8699B has 
a low range from 0.1 to 2.0 GHz anda high range 
from 2 to 4 GHz. 


1-33. MODEL 3200B VHF OSCILLATOR. 


1-34. The 3200B VHF Oscillator with the 13515A 
Frequency Doubler Probe is a CW RF signal source 
covering the 10 MHz to 1.0 GHz range and is an ideal 
source to use with the 8405A Vector Voltmeter and 
the 8745A., 


1-35. MODEL 11607A SMALL-SIGNAL ADAPTER. 


1-36. The Hewlett-Packard Model 11607A Small- 
Signal Adapter is anaccessory for the Hewlett-Packard 
Model 8745A S-Parameter Test Set. This Adapter 
reduces the signal incident on the device under test 
20 dB for small-signal measurements on devices 
under test, such as transistors. 


1-37. INSTRUMENTS COVERED BY MANUAL. 


1-38. This manual applies directly to instruments 
having serial numbers prefixed 978- (first three num- 
bers of serial number). If the serial prefix of your 
instrument is other than 978-, there are differences 
between the instrument described in this manual and 
your instrument. These differences are described in 
the appendix at the rear ofthis manual for lower num- 
ber prefixes. For higher prefixes the differences are 
described in a Manual Changes sheet supplied withthis 
manual, If the manual changes sheet is missing, the 
information can be supplied by your nearest Hewlett- 
Packard Sales and Service Office (seelists at the rear 
of this manual). The manual changes sheet may also 
include an "ERRATA" section which describes manual 
correction information which appliestothe manual for 
all instruments INC LUDING instruments prefixed 978-. 


* Amphenol RF Division, Danbury, Connecticut. 
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SECTION Il 
INSTALLATION 


2-1. INCOMING INSPECTION. 


2-2. Inspect instrument for shipping damage as soon 
as it is unpacked. Check that all accessories listed 
in Paragraph 1-5 have been included. Check for 
broken knobs and connectors; inspect cabinet and 
panel surfaces for dents and scratches. If the instru- 
ment is damaged in any way or fails to operate pro- 
perly, notify the carrier and your nearest Hewlett- 
Packard Sales and Service Office. For assistance of 
any kind, including instruments under warranty, con- 
tact the nearest Hewlett-Packard Sales and Service 
Office. 


2-3. REPACKAGING FOR SHIPMENT. 
2-4. USING ORIGINAL PACKAGING. 


2-5. The same containers and materials used in 
factory packaging canbe obtained through the Hewlett- 
Packard offices listed at the rear of this manual. For 
units equipped with a rear-panel coaxial link, remove 
the coaxial link, wrap it separately, and include it in 
the shipping container. 


2-6. If the Model 8745A is being returned to Hewlett- 
Packard for servicing, attach a tag indicating the type 
of service required, return address, model number, 
and full serial number. Also, mark the container 
FRAGILE to assure careful handling. 


2-7. In any correspondence, refer to the instrument 
by model number and full serial number. 


2-8. USING OTHER PACKAGING. 


2-9. The following general instructions should be used 
when repackaging with commercially-available 
materials: 


a. Wrap the instrument in heavy paper or plastic. 
For units equipped witha rear-panel coaxial link, re- 
move the coaxial link, wrap it separately, and include 
it in the shipping container. If shipping to a Hewlett- 
Packard service office or center, attach a tag indica- 
ting the type of service required, the return address, 
model number, and full serial number. 


b. Use a strong shipping container. A double-wall 
carton made of 350 pound test material is adequate. 


c. Useenough shock-absorbing material (3 to 4 inch 
layer) around all sides of the instrument to provide 
cushion and prevent movement inside the container. 
Protect the control panel with cardboard. 


d. Seal the shipping container securely, and mark 
it FRAGILE to assure careful handling. 


e. In any correspondence refer to the instrument 
by model number and full serial number. 


2-10. PREPARATION FOR USE. 
2-11. REAR-PANEL COAXIAL LINK. 


2-12. For units equipped with a rear-panel coaxial 
link, connect the coaxial link to the rear panel as 
shownin Figure 3-2. If a Model 11604A Universal Ex- 
tension isto be used with the 8745A, connect the rear- 
panel coaxial link received with the Universal 
Extension. 


2-13. POWER REQUIREMENTS. 


2-14. The Model 8745A requires a power source of 
115 or 230 volts ac +10%, 50 to 1000 Hz, single phase 
that can supply approximately 40 watts. 


2-15. 115/230 VOLT OPERATION. 


2-16. A two-position slide switch on the rear panelof 
the Model 8745A permits operation from either a115- 
or 230- volt power source. The number showing on 
the switch slider indicates the voltage for which the 
instrument is connected. The correct line fuse rating 
for each line voltage is marked on the plate adjacent 
to the fuse. 


2-17. To prepare the Model 8745A for operation, po- 
sition the 115-230 volt switch so that the number 
showing on the slider corresponds to the available line 
voltage, and install aline fuse of correct rating. ''Slo- 
blo'' fuses should be used. 


CAUTION 


To avoid damage to the instrument, set the 
115-230 switch to the line voltage to be used 
before connecting the power cable. 
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2-18. POWER CABLE. 


2-19. To protect operating personnel, the National 
Electrical Manufacturers' Association (NEMA) rec- 
ommends that instrument panels and cabinets be 
grounded. Accordingly, the Model 8745A is equipped 
with a three-conductor power cable which, when 
plugged into an appropriate receptacle, grounds panel 
and cabinet. The offset pin of the three-prong con- 
nector is the grounding pin. 


2-20. To preserve the protection feature when oper- 
ating the Model 8745A from a two-contact outlet, use 
a three-prong to two-prong adapter (HP Stock Number 
1251-0048), and connect the green wire on the adapter 
to ground. 


2-2 


Section II 


2-21. BENCH OPERATION. 


2-22. The Model 8745A cabinet has plastic feet and 
a foldaway tilt stand for convenience in bench opera- 
tion. The stand inclines the instrument enough to 
make the panel features easier to see. The plastic 
feet provide clearance for air circulation and make 
the Model 8745A self-aligning when stacked on other 
Hewlett-Packard full rack-width modular instruments. 


2-23. RACK MOUNTING. 


2-24. All necessary hardware and instructions are 
contained in the supplied rack-mounting kit (HP Stock 
Number 5060-0775). The ambient operating tempera- 
ture should not exceed 55°C (140°F). 
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SECTION III 
- OPERATION 


3-1. INTRODUCTION. 


3-2. The combination of the Model 8745A S-Para- 
meter Test Set with its accessory fixtures and 
adapters, a signal source, and a compatible phase- 
amplitude ratio indicator, such as the Model 8410A 
Network Analyzer or Model 8405A Vector Voltmeter, 
make up a system to measure the parameters of 
almost any device. These measurements canbe made 
at single frequencies or at swept frequencies from 0.1 
to 2.0 GHz. When used with the HP Model 8405A 
Vector Voltmeter, measurements are limited tosingle 
frequencies and an upper frequency limit of 1.0 GHz. 
The Model 8745A can be used at frequencies below 
100 MHz; however, the coupling attenuation of the 
internal directional couplers increases by approxi- 
mately 6 dB per frequency octave. Consequently, when 
making measurements below 100 MHz the level of 
power delivered from the signal source should be 
monitored closely. Be sure power limits are not 
exceeded while trying to obtain sufficient indication on 
the readout instrument. 


3-3. DESCRIPTION OF PANEL FEATURES. 


3-4. Front and rear panel controls, connectors and 
indicators are described in Figures 3-1 and 3-2. In 
these figures the numbers on the panel illustrations 
match the description numbers. 


3-5. OPERATING PRECAUTIONS. 


3-6. MAXIMUM RF POWER. 


3-7. Do not apply more than 2 watts of RF power to 
the Model 8745A RF INPUT. Power in excess of 2 
watts may damage the internal 3 dB pad. Also care 
must be taken to ensure that the power returned to the 
Model 8745A from an active device under test does not 
exceed 2 watts or the 50-ohm terminations may be 
damaged. 


3-8. MAXIMUM DC ON RF LINES. 


3-9. DC voltage on the inner conductor of the trans- 
mission lines in the Model 8745A must not exceed 
+100 volts or the breakdown voltage of the internal 
bias blocking capacitor will be exceeded; therefore, 
the combination of dc voltage to bias a device under 
test and the de voltage on the center conductor from 
the RF source must not exceed 100 volts (50 volts for 
instruments with serial prefixed 823- andbelow). The 
maximum dc current on the RF lines must not exceed 
1.0 amp. 


3-10. S-PARAMETER MEASUREMENT. 
3-11. GENERAL MEASUREMENT DESCRIPTION. 


3-12. The S-Parameter Test Set may be used to make 
s-parameter measurements withseveral combinations 


of complementary equipment. A simplifiedblock dia- 
gram of the test setup is shown in Figure 3-5. Read- 
out is on a phase-amplitude ratio indicator such asthe 
HP 8405A orthe HP 8410A with 8413A or 8414A plug- 
in. Microwave components may be connected to the 
S-Parameter Test Set by accessories such asthe 
11600A,B or 11602A,B Transistor Fixture or the 
11604A Universal Extension. Detailed procedures, 
using various combinations of equipment are given in 
Figures 3-10 through 3-13. The following general 
outline explains the steps necessary when making 
measurements with any combination of equipment. 


a. If swept-frequency measurements are to be 
made, the reference and test channel line length 
between the device under test and the indicator unit 
must be equal. This is adjusted by the 8745A REF- 
ERENCE PLANE EXTENSION and, if necessary, 
additional line length can be inserted in the reference 
channel ahead of the 8411A. Forunits equipped with a 
removable rear-panel coaxial link, the link may be 
removed and additional reference channel electrical 
length may be installed to extend the reference plane 
any desired distance beyond the front-panel con- 
nectors. To best utilize the REFERENCE PLANE 
EXTENSION range, the following combinations are 
recommended: When making measurements with a 
transistor fixture use the short coaxial link (HP part 
number 08745-20064). When making microwave hard- 
ware measurements with the Universal Extension use 
the long coaxial link supplied with the Universal Ex- 
tension (HP part number 11604-20021). When making 
microwave hardware measurements without a Uni- 
versal Extension use either coaxial link and use a 
20cm air line instead of the Universal Extension. Cor- 
rect adjustment of the reference and test channel 
electrical lengths is obtained when no linear phase 
shift occurs over a wide band of frequencies. 


b. Calibrate the system for s-parameter measure- 
ment by terminating the input fixture with an open, a 
short, or a through section. Additional accuracy may 
be obtained by compensating for directivity error as 
described in Paragraph 3-18. 


c. If a transistor fixture is used, the device under 
test must be properly biased by using either the HP 
8717A Bias Supply or a standard dual dc power supply. 
Refer to Paragraph 3-13 for bias supply connections. 


d. Measure the parameters of the device under 
test. Thisis accomplished by selecting input port A, 
or B, then selecting the s parameter of interest. 
Figures 3-3 and 3-4 show the internal connections 
within the S-Parameter Test Set for the different 
switch combinations. 
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FRONT PANEL FEATURES 


POWER. Combination line power switch and 
power on indicator. Pushbutton glows when 
instrument is on. Pushbutton retainer un- 
screws for lamp replacement. 


REFERENCE PLANE EXTENSION (CM). 
Crank controls internal line stretcher to vary 
electrical distance from RF INPUT to REFER- 
ENCE output. Used to equalize test andrefer- 
ence channel signal path lengths for phase 
calibration. Also permits extending the refer- 
ence plane up to 35 cm beyond the front panel 
connectors. Minimum Reference Plane Ex- 
tension is about 20 cm (crank at counterclock- 
wise stop). ZERO thumbwheel is for setting 
reference indication on counter without chang- 
ing line length. 


INPUT PORT selectors. Select port A or port 
B for the RF input port to the device under 
test. Pushbutton glows, indicating the input 


INPUT PORT 
A f 
a) 


S-PARAMETER 


‘ e 
ena 
— | . 2} | 


| See | 


port selected. During remote operation portA 
is always selected as the input port. 


S-PARAMETER selectors. Select the s par- 
ameter to be measured. Pushbutton glows, 
indicating the s parameter being measured. 


Input ports A and B. These ports make RF 
input and output connections to the device 
under test. Bias circuit from rear-panel 
REMOTE INPUT connector is completed 
through center conductor. APC-7* 50-ohm 
precision 7 mm sexless connectors. 


Mounting holes for HP 11599A Quick Connect 
Adapter. 


* Amphenol RF Division, Danbury, Connecticut. 


Figure 3-1. Front Panel Features 
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REAR PANEL FEATURES 


REMOTE INP! 


RF INPUT. Input for RF signal that is ap- 
plied to the device under test. Frequency range 
is 0.1 to 2.0 GHz. Maximum RF power level is 
2 watts. For maximum dc level see Para- 
graph 3-8. Connector is 50-ohm type N and 
mates compatibly with type N connectors whose 
dimensions conform to MIL-C-39012 and MIL- 
C-71. (See dimension drawing below.) 


O.3I6MIN. 
0.320 MAX. 


Seo 0.064MIN. 
Se =a} o.otenax 


0.204 MIN 
0.207 MAX. 


REMOTE INPUT. Accepts contact closure type 
remote programming to select the s parameter 
to be measured. Nominal voltage from the 
8745A when the contact is open is 12 Vdc. 
Maximum current from the 8745A when the 
contact is short circuited is 12 mA. Also ac- 
cepts de bias for device under test. Maximum 
bias voltage 50 Vde. Maximum bias current 
1.0 amp. 


3. REFERENCE and TEST. Reference and Test 
channel outputs to phase-amplitude ratio in- 
dicator. APC-7* 50-ohm precision 7 mm hy- 
brid connectors. The REFERENCE channel 
connector is mechanically floating to assure 
alignment with 8411A Harmonic Frequency 
Converter of 8410A Network Analyzer. 


4. Power Cable Connector. NEMA type with 
offset pin connected to 8745A cabinet. Power 
requirements: 115 or 230 Vac +10%, 50 to 
1000 Hz, approximately 40 watts. 


Dd. Power Line Fuse Holder. ‘‘Slo-blo’’ fuse 
ratings for 115 and 230 Vac on adjacent plate. 


6. Line Voltage Selector. Permits operation 
from 115 or 230 Vac. Number showing on 
Slider is the selected operating voltage. Cor- 
rect line fuse rating is on plate adjacent to 
fuse holder. 


7. Serial Number Plate. Eight-digit serial num- 
ber should be included in any correspondence 
concerning the 8745A, 


8. Coaxial Link. Some units are equipped with a 
rear-panel coaxial link. This link may be re- 
moved and additional reference channel elec- 
trical length may be installed to extend the 
reference planeto any desired distance beyond 
the front-panel connectors. 


* Amphenol RF Division, Danbury, Connecticut. 


**REFERENCE and TEST channel output ports 
are type N female on Option 01. 


Figure 3-2. Rear Panel Features 
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Figure 3-3. 
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Signal Flow Diagrams, Input Port A Selected 
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Figure 3-4. Signal Flow Diagrams, Input Port B Selected 
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DC BIAS 


| 
' 
| 
| 
SOURCE | 
1 
| 
1 
a | 


r---- 
' BIAS INPUT 


SIGNAL HP 8745A DEVICE 
SOURCE S PARAMETER UNDER 
O.1- 2GHz TEST SET TEST 


SWEEP REFERENCE 
OUTPUT 
VOLTAGE 


PHASE -AMPLITUDE 
RATIO INDICATOR 


HP 8405A, 
HP 8410A, HP 8412A, 


| 
| 
| 
| 
| 
l HP 8413A, HP 8414A 
| 
| 
| 
| 
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OSCILLOSCOPE 
DISPLAY * * 


* Optional HP 11600A/B or 11602A/B Transistor Fixtures or HP 11604A Universal Extension. 
** For swept measurements with 8410A/8413A. 


Figure 3-5. Block Diagram of Equipment Setup for S-Parameter Measurement 
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Figure 3-6. HP Model 8717A Transistor Bias Supply 
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3-13. SEMICONDUCTOR BIAS SUPPLY 
CONNECTION AND ADJUSTMENT. 


3-14. A semiconductor under test may be biased by 
either a Model 8717A Transistor Bias Supply or by a 
dual dc power supply. Instructions for connecting 
and adjusting these power supplies are given in the 
following paragraphs. An 8745A simplified internal 
bias circuit is shown in Figure 3-7. 


3-15. With the HP Model 8717A Transistor Bias Sup- 
ply, bias and bias-sensing connections are selected 
with the 8717A front-panel switches, (see Figure 3-6.) 
A cable furnished with the 8717A connects the bias 
supply to the rear panel of the 8745A. To apply bias 
to the semiconductor under test, perform the following 
steps. 


a. Make bias and sense connections from 8745A Jl 
(see Table 3-1) to 8717A output. Turn the 8717A bias 
output off. 


b. Select the dial that matches the semiconductor 
under test and snap the dial on the transistor fixture. 


Section III 


If adiode is being tested, remove dial and insert diode 
into fixture in either shunt or series configuration. 


c. Rotate the dial to the desired common lead 
configuration. 


d. Set the 8717A front-panel switches for the same 
configuration. 


e. Plug the semiconductor into the exposed holes 
in the fixture. 


f. Turn the 8717A bias output on. 


g. Set the 8717A voltage meter function switch to 
monitor Vcpr_pg and adjust the Vcp-_ps control to 
the desired collector-emitter or drain-source voltage 
for the semiconductor under test. 


h. Set the 8717A current meter function switch to 
monitor Ip_g and adjust the Ip_sg control to the de- 
sired emitter or source current. The maximum 
emitter or source current can be limited to 5, 50, 
or 500 mA. 


O INPUT PORT A 


3dB 


1500 pF 
RF INPUT 


1500pF 


-——o 


0.474H 


O INPUT PORT B 


Figure 3-7. Simplified Internal Bias Circuit 
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Figure 3-8. Correct Position of Snap-on Dial 
when Using Calibrator 


3-16. Bias with a Dual dc Power Supply. Semi- 
conductors may also be biased with a dual dc power 
supply. For this method a transistor under test can 
be protected against excessive current and excessive 
forward bias with a resistor and two diodes. Two 
series-connected diodes between emitter and base of 
a bipolar transistor as shown in Figure 3-9 will 
prevent the forward bias voltagefrom exceeding the 
voltage drop across the two diodes. A resistor in the 
emitter (source) circuit, selected to limit collector 
(drain) current to a safe amount, will also provide 
temperature stabilization of the bias point. 


3-17. Connect the power supply to the 8745A as 
shown in Figure 3-9. Toprevent ground loop problems 
do not connect power supply common to chassis. 
Adjust the power supply as follows: 


a. Set both power supplies to zero V dc. 

b. Select the dial that matches the semiconductor 
under test and snap the dial on the transistor fixture. 
If a diode is being tested, remove dial and insert diode 


into fixture in either shunt or series configuration. 


c. Rotate the dial to the desired common lead 
configuration. 


Table 3-2. 


S11, S22 


Model 8745A 


d. Plug the semiconductor into the exposed holes. 


e. Set supply No. 2 to obtain the desired collector- 
emitter (drain-source) voltage. If a stabilizing re- 
sistor is used, set supply to desired voltage plus the 
voltage drop across the stabilizing resistor. 


f. Adjust supply No. 1 until the desired collector 
(drain) current is obtained. Recheck voltage set in 
step e. When operating with power applied to the 
semi-conductor over an extended period of time, 
supply No. 1 may have to be readjusted slightly to 
maintain the desired collector (drain) current. 


Table 3-1. Remote Input (J1) Connector 
Contact Identification 


Chassis ground 


Port A Bias 
Port B Bias 
Remote S Parameter Select 
Remote Control Select 
Remote Control Common 
Chassis Ground Sense 
Port A Bias Sense 
Port B Bias Sense 
Remote S Parameter Select 


Remote control common 


All others 


No connection 


Calibration Readout Values 


Short 


Through 
Section 


3-8 


Model 8745A Section II 


BIAS SUPPLY CONNECTIONS 


NPN PNP 


36-PIN REAR-PANEL 36-PIN REAR-PANEL 

POWER POWER 
SUPPLY ueeieas REMOTE INPUT SUPPLY CONNECTOR | (REMOTE INPUT 
L CONNECTOR (SUPPLIED) | ConneCTOR 


N CHANNEL P CHANNEL 


POWER 36-PIN REAR-PANEL POWER 36- PIN REAR- PANEL 


CONNECTOR CONNECTOR 
SUPPLY REMOTE INPUT SUPPLY REMOTE INPUT 
(SUPPLIED) | cConNeCcTOR (SUPPLIED) | CONNECTOR 


SEE TABLE BELOW FOR 
CONNECTION DETAIL 


REMOTE INPUT Connector Pin Numbers 
) 


EBC (SGD) Base Pattern BEC (SDG) Base Pattern 


Common Common Common Common Common Common 
Emitter Base Collector Emitter Base Collector 
(Source) (Gate) (Drain) (Source) (Gate) (Drain) 


*HP PART NO. 1251-0084 


Figure 3-9. Bias Supply Connections for Bipolar and FET Transistors 
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SEMICONDUCTOR MEASUREMENT WITH 8405A 


VECTOR VOLTMETER SIGNAL SOURCE 
HP 84054 HP 3200B/HPI35I5A 


TERMINATION 
HP 908A 


PROBE TEE 
HP IIS36A 


7mm-N 
ADAPTER 
HP 115244 


PROBE TEE 
HP II536A 


Sede 2 eee TRANSISTOR 


4 FIXTURE 
TERMINATION HP 11600A,B 
POWER SPLITTER 
HP 11549A HP IOSA HP 11602A, B 


ZERO ADJUSTMENT 


*Rear-panel coaxial link (HP Part Number 08745-20064). See Paragraph 3-12a. 


Figure 3-10. Semiconductor Measurement with 8405A Vector Voltmeter Readout (Sheet 1 of 2) 
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SEMICONDUCTOR MEASUREMENT WITH 8405A 


CALIBRATION DESCRIPTION. Calibration con- 
sists of obtaining a reference indication using a 
termination of known magnitude and phase angle. 
Magnitude and phase reference indications for cal- 
ibration are givenin Table 3-2. An open circuit is 
obtained by not plugging anything into the transistor 
fixture. Calibrators, either a short, through 
section, or a 50-ohm load, may be used for more 
accurate calibration. If a calibrator is used, see 
Figure 3-8 for proper positioning of fixture snap- 
on dial and calibrator. For normal calibration, 
only one s parameter with only one of the known 
terminations is needed. Calibration for greater 
accuracy is discussed in Paragraph 3-18. 


CALIBRATION PROCEDURE. To calibrate the 
system containing a transistor fixture and 8405A 
Vector Voltmeter readout, perform the following: 


1. Connect equipment as shown in setup opposite. 
If measurements are to be made at more than 
one frequency, make zero adjustment of the 
Vector Voltmeter before connecting the probe 
tee’s to the 8745A as follows: 


a. Connect the signal source to the input port 
of the Model 11549A Power Splitter. 


Connect the probe tee’s to the two output 
ports of the power splitter. Terminate 
probe tee’s with 908A 50-ohm loads. 


Adjust the 8405A PHASE METER OFFSET 
to zero, and adjust PHASE ZERO for zero 
phase-meter reading. 


Disconnect the RF cable and probe tee’s 
from the power Splitter. Connect the RF 
cable to the 8745A RF INPUT. Connect the 
probe tee’s to the 8745A, Channel A to the 
REFERENCE output and Channel B to the 
TEST output. 


Set the 8405A to phase lock to the applied signal. 


Insert the calibrator to be used (Figure 3-8), 
and select the appropriate s parameter (See 
Table 3-2). 


Adjust the signal source RF output to obtain a 
convenient Channel B voltage reference on 
the 8405A, 


NOTE 


For small signal measurements, adjust 
the signal source RF power for minimum 
signal level which will provide the de- 
sired dynamic range. 


5. Note Channel A magnitude. 


Adjust the 8745A REFERENCE PLANE EX- 
TENSION for the reference indication of the 
calibrator selected (e.g., open circuit, press 


Si4 or Soo: adjust for 0°). See Table 3-2. 


The system is now calibrated for the frequency of 
the signal source. If measurements are to be made 
at more than one frequency, check for equal ref- 
erence and test channel electrical lengths by 
changing the frequency of the signal source. If 
the electrical lengths are equal, the phase will 
not change with a change in frequency. To equalize 
the electrical lengths, adjust the 8405A PHASE 
ZERO to the appropriate phase reference indi- 
cation at the lowest frequency, then adjust the 
8745A REFERENCE PLANE EXTENSION for the 
same phase reference indication at the highest 
frequency of interest. Repeat these adjustments 
for minimum change in phase. 


SEMICONDUCTOR BIASING. The semiconductor 


under test must be biased for a given collector- 


emitter or drain-source voltage and a given col- 
lector or drain current. The two voltages required 
may be furnished either by the HP Model 8717A 
Transistor Bias Supply, or by a dual dc power 
supply. Instructions for connecting either bias 
Supply to the 8745A and adjusting it to bias the 
unit under test are given in Paragraph 3-13. 


MEASUREMENT. To measure the S parameters 


of the semiconductor under test, perform the 


following: 


Select INPUT PORT A or B as indicated on 
the transistor fixture. 


Select the S PARAMETER to be measured. 
Adjust the signal source RF output to return 


the 8405A Channel A signal to the magnitude 
noted in step 5 of the calibration procedure. 


Compute the s parameter magnitude from 


: _ measured channel B voltage 
LETS EBs reference channel B voltage 


Read the phase directly on the 8405A phase 
meter. 


Figure 3-10. Semiconductor Measurement with 8405A Vector Voltmeter Readout (Sheet 2 of 2) 
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SEMICONDUCTOR MEASUREMENT WITH 8410A 


NETWORK ANALYZER SIGNAL SOURCE 
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*Rear-panel coaxial link (HP Part Number 08745-20064). See Paragraph 3-12a. 


Figure 3-11. Semiconductor Measurement with 8410A Network Analyzer Readout (Sheet 1 of 2) 
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SEMICONDUCTOR MEASUREMENT WITH 8410A 


CALIBRATION DESCRIPTION. Calibration con- 
sists of obtaining a reference indication using a 
termination of known magnitude and phase angle. 
Magnitude and phase reference indications for 
calibration are given in Table 3-2. An open cir- 
cuit is obtained by not plugging anything into the 
transistor fixture. Calibrators, either a short, 
through section, or a 50-ohm load, may be used 
for a more accurate calibration. If a calibrator is 
used, see Figure 3-8 for proper positioning of fix- 
ture snap-on dial and calibrator. For normal 
calibration, only one s parameter with only one of 
the known terminations is needed. Calibration for 
greater accuracy is discussed in Paragraph 3-18. 


CALIBRATION PROCEDURE. To calibrate the 
system containing a transistor fixture and 8410A 
Network Analyzer readout, perform the following: 


Connect equipment as shown in setup opposite. 


Set the signal source to sweep the band of 
interest. 


Set the 8745A to look at the reflection co- 
efficient of an open or a Short and adjust the 
8745A REFERENCE PLANE EXTENSION to 
cancel out the linear phase error (equal ref- 
erence and test channel electrical lengths). 
For the 8414A, adjust for the smallest cluster. 
If an 8413A with an oscilloscope connected to 
its PHASE output is used, adjust for a horizontal 
line. 


NOTE 


For small signal measurements, adjust 
the signal source RF output for minimum 
signal level required to maintain a phase 
locked condition in the Network Analyzer. 


Connect the calibrator to be used. (See 
Figure 3-8.) 


If an 8414A is used as the readout, adjust the 
8410A controls as follows: 


a. Adjust the PHASE VERNIER for the refer- 
ence phase indication of the calibrator se- 
lected (e.g., open circuit, press S11 or 
So2, adjust for 0 degrees). See Table 3-2. 


. Adjust the TEST CHANNEL GAIN andAMPL 
VERNIER controls for a magnitude of one. 


6. If an 8413A is used as the readout, set the 
signal source to CW and adjust the 8410A 
controls as follows: 


a. Adjust the PHASE VERNIER control for the 
reference phase indication of the termination 
selected (e.g., open circuit, press S41 or 
S22, adjust for 0°). See Table 3-2. 


. Adjust the TEST CHANNEL GAIN andAMPL 
VERNIER controls for a O dB indication. 
For S11 or S22, the 8413A indicates return 
loss (0 dB return loss equals a reflection 
coefficient of 1). For S91 and S19, the 
8413A indicates gain or loss in dB. 


SEMICONDUCTOR BIASING. The semiconductor 


under test must be biased for a given collector- 


emitter or drain-source voltage and a given 
collector or drain current. The two voltages re- 
quired may be furnished either by the HP Model 
8717A Transistor Bias Supply, or by a dual de 
power supply. Instructions for connecting the 
bias supply to the 8745A and adjusting it to bias 
the unit under test are presented in Paragraph 3-13. 


MEASUREMENT. To measure the s parameters 


of the semiconductor under test, perform the 


following: 


1. Select INPUT PORT A or B as indicated on the 
transistor fixture. 


Select the S PARAMETER to be measured. 


If an 8414A plug-in is used in the 8410A Net- 
work Analyzer, read the magnitude and phase 
from the CRT. 


If an 8413A is used in the 8410A the amplitude 
display is relative magnitude in dB of the in- 
cident and reflected (S11, Sg9) or incident and 
transmitted (S21, S19) signals. These can be 
converted to reflection|p| or transmission 
|7| coefficients with the following equations: 


- 1 
|P| ~ “antilog 0.05 (return loss in dB) 
antilog 0.05 (gain in dB) 


2 1 
~ antilog 0.05 (loss in dB) 


Figure 3-11. Semiconductor Measurement with 8410A Network Analyzer Readout (Sheet 2 of 2) 
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MICROWAVE HARDWARE MEASUREMENTS WITH 


VECTOR VOLTMETER SIGNAL SOURCE 
HP 8405A HP 3200B/HP13515A 


cee Tl 
RF 


OUT 


TERMINATION 


HP 908A N 


PROBE TEE 
HP 11536A 


I 
Sia 7mm-N 


I 
ADAPTER | 


L 


HP I1524A 


PROBE TEE 


ae HP I1I536A 


ma || 


UNIVERSAL ** 
EXTENSION 
POWER SPLITTER HP 11604A 


HP 1I549A On 


min Seen 5 3) 


ZERO ADJUSTMENT 


* Rear panel coaxial link (HP Part Number 11604-20021). See Paragraph 3-12a. 


**When making reflection measurements without the Universal Extension use a 20cm air line. See 
Paragraph 3-12a. 


Figure 3-12. Microwave Hardware Measurements with 8405A Vector Voltmeter Readout (Sheet 1 of 2) 
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Section II 


MICROWAVE HARDWARE MEASUREMENTS WITH 8405A 


CALIBRATION DESCRIPTION. Calibration con- 
sists of obtaining a reference indication using a 
termination of known magnitude and phase angle. 
Magnitude and phase reference indications for 
calibration are given in Table 3-2. A through 
section is obtained by connecting the two 11604A 
Universal Extension arms together. For normal 
calibration, only one s parameter with only one of 
the known terminations is needed. Calibration for 
greater accuracy is discussed in Paragraph 3-18. 


CALIBRATION PROCEDURE. To calibrate the 
system containing a Universal Extension and 8405A 
Vector Voltmeter readout, perform the following: 


Connect equipment as shown in test setup 
opposite. If measurements are to be made at 
more than one frequency, make zero adjust- 
ment of the vector voltmeter before connecting 
the probe tee’s to the 8745A as follows: 


Connect the signal source to the input port 
of the Model 11549A Power Splitter. 


Connect the probe tee’s to the two output 
ports of the power splitter. Terminate 
probe tee’s with 908A 50-ohm loads. 


Adjust the 8405A PHASE METER OFFSET 
to zero, and adjust PHASE ZERO for zero 
phase-meter reading. 


Disconnect the RF cable and probe tee's 
from the power splitter. Connect the RF 
cable tothe 8745A RF INPUT. Connect the 
probe tee's to the 8745A, Channel A to the 
REFERENCE output and Channel B to the 
TEST output. 


Set the 8405A tophase lock tothe applied signal. 


Establish the appropriate calibration condi- 
tion, and select the appropriate input port and 
s parameter. The "appropriate" calibration 
condition for reflection measurements would be 
a short or open where the input port of the de- 
vice under test is to be connected, Fortrans- 
mission measurementsthe "appropriate" con- 
dition would be a through connection. 


Adjust the signal source RF output to obtain a 
convenient Channel B voltage reference on the 
8405A. 


Note Channel A magnitude. 


Adjust the 8745A REFERENCE PLANE EX- 
TENSION for the reference indication of the 
selected calibration condition (e.g. , open cir- 
or Soo: adjust for 0°). See 


cuit, press S 


Table 3-2. se 


The system is now calibrated for the frequency of 
the signal source. If measurements are to be made 
at more than one frequency, check for equal ref- 
erence and test channel electrical lengths by 
changing the frequency of the signal source. If the 
electrical lengths are equal, the phase will not 
change with a change in frequency. To equalize the 
electrical lengths, adjust the 8405A PHASE ZERO 
to the appropriate phase reference indication at the 
lowest frequency, then adjust the 8745A REFER- 
ENCE PLANE EXTENSION for the same phase 
reference indication at the highest frequency of 
interest. Repeat these adjustments for minimum 
change in phase. 


MEASUREMENT. To measure the s parameters 


of the microwave device under test, perform the 
following: 


Insert the device to be tested between the arms 
of the Universal Extension and select INPUT 
PORT A or B as desired. 


Select the S PARAMETER to be measured. 
Adjust the signal source RF output to return 
the 8405A Channel A signal to the magnitude 


noted in step 5 of the calibration procedure. 


Compute the s parameter magnitude from 


measured channel B voltage 


Magnitude = — ference channel B voltage 


Read the phase directly on the 8405A phase 
meter. 


Figure 3-12. Microwave Hardware Measurements with 8405A Vector Voltmeter Readout (Sheet 2 of 2) 
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MICROWAVE HARDWARE MEASUREMENTS WITH 8410A 


SIGNAL SOURCE 
110 MHz -2GHz 
HP 8690/8699B 


NETWORK ANALYZER 
HP 8410A/8414A 
OR 8413A 


= = 


ae 


HP 8411A 


UNIVERSAL* * 
EXTENSION 
HPIIGO4A AZ, 


* Rear-panel coaxial link (HP Part Number 11604-20021). See Paragraph 3-12a. 


**When making reflection measurements without the Universal Extension use a 20cm air line. See 
Paragraph 3-12a. 


Figure 3-13. Microwave Hardware Measurement with 8410A Network Analyzer Readout (Sheet 1 of 2) 
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Section II 


MICROWAVE HARDWARE MEASUREMENTS WITH 8410A 


CALIBRATION DESCRIPTION. Calibration con- 
sists of obtaining a reference indication using a 
termination of known magnitude and phase angle. 
Magnitude and phase reference indications for 
calibration are given in Table 3-2. A through 
section is obtained by connecting the two 11604A 
Universal Extension arms together. For normal 
calibration, only one s parameter with only one of 
the known terminations is needed. Calibration for 
greater accuracy is discussed in Paragraph 3-18. 


CALIBRATION PROCEDURE. To calibrate the 
system containing a Universal Extension and 8410A 
Network Analyzer readout, perform the following: 


1. Connect equipment as shown in test setup 
opposite. 


Set the signal source to Sweep the band of 
interest. 


Set the 8745A to look at a reflection coefficient 
of an open or a Short and adjust the 8745A 
REFERENCE PLANE EXTENSION to cancel 
out the linear phase error (equal reference 
and test channel electrical lengths). For the 
8414A, adjust for the smallest cluster. Foran 
8413A with an oscilloscope connected to its 
PHASE output, adjust for a horizontal line. 


Connect the termination to be used (Table 3-2). 


If an 8414A is used as the readout, adjust the 
Network Analyzer controls as follows: 


a. Adjust the PHASE VERNIER for the refer- 
ence phase indication of the termination 
selected (e.g., through section press So, or 
S19, adjust for 0°). 


. Adjust the TEST CHANNEL GAIN and AMPL 
VERNIER controls for a magnitude of one. 


6. If an 8413A is used as the readout, set the 
signal source to CW and adjust the 8410A 
controls as follows: 


a. Adjust the PHASE VERNIER control for the 
reference phase indication of the termination 
selected (e.g., through section press S91 or 
S19, adjust for 0°). 


. Adjust the TEST CHANNEL GAIN andAMPL 
VERNIER controls for a zero dBindication. 
For Sj1 and S99 the 8413A indicates return 
loss (0 dB return loss equals a reflection 
coefficient of 1). For So; andS1,9the 8413A 
indicates gain or loss in dB. 


MEASUREMENT. To measure the s parameters 


of the microwave device under test, perform the 


following: 


1. Insert the device to be tested betweenthe arms 
of the Universal Extension and select INPUT 
PORT A or B as desired. 


Select the S PARAMETER to be measured. 


If an 8414A plug-in is used in the 8410A Net- 
work Analyzer, read the magnitude and phase 
from the CRT. 


If an 8413A is used in the 8410A the amplitude 
display is relative magnitude in dB of the 
incident and reflected (S1j,S99) or incident and 
transmitted (S21, S19) signals. These can be 
converted to reflection |p| or transmission 
|7 | coefficients with the following equations: 


/ 1 
ie ts antilog 0.05 (return loss in dB) 


ee, antilog 0.05 (gain in dB) 


1 


Te oe ee 
, antilog 0.05 (loss in dB) 


Figure 3-13. Microwave Hardware Measurement with 8410A Network Analyzer Readout (Sheet 2 of 2) 
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REFLECTION 
COEFFICIENT 

OF DEVICE 
UNDER TEST 

(OR SLIDING LOAD) 


ORIGIN 


Figure 3-14. Typical Polar Plot Showing 
Measured Reflection as the Sum of 
Directivity and Load Vectors 


3-18. INCREASED ACCURACY BY MINIMIZING 
DIRECTIVITY ERRORS. 


3-19. Greatest accuracy for single-frequency, high- 
resolution reflection measurements can be obtained 
by connecting the device under test directly to the 
front-panel ports of the 8745A. If it is necessary to 
make connections through an 11604A, air line, or 
coaxial cable, any movement of the 11604A swivel 
joints or flexing of coaxial cable will alter the phase 
relations of the reflections in the test setup; there- 
fore, any component inserted between the 8745A and 
the device under test should remain in the same 
position for both calibration and measurements. 


3-20. Directivity errors are not significant unless 
small reflection coefficients are being measured. 
This error can be cancelled at single frequencies 
when necessary. The measured reflection is the 
vector sum of the directivity vector plus the reflec- 
tion coefficient of the device under test (Figure 3-14). 
The error can be calibrated out by using a sliding 
load. Figure 3-15 depicts the sliding load in one 
position at a given frequency. As the sliding load is 
moved, the magnitude of its reflection coefficient re- 
mains constant but the phase of the coefficient changes. 
As the load is moved its reflection coefficient indi- 
cation rotates in a circle of constant magnitude about 
the directivity vector. The center of this circle is 
the tip of the directivity vector. When the location 
of the center of the circle is known, the error can be 
vectorially subtracted from the measured reflection 
to obtain the reflection coefficient of the device under 
test. 


3-21. On the 8414A polar display, the vector sub- 
traction can be performed directly with the horizontal 
and vertical position controls. Increase the 8410A test 
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REFLECTION 
COEFFICIENT OF 
SLIDING LOAD 


LOCUS 


ORIGIN 


Figure 3-15. Typical Polar Plot Showing Locus of 
Measured Reflection when Sliding Load is Moved 


LOCUS 


Figure 3-16. Polar Display Showing Locus of 
Sliding Load Vector with Directivity Cancelled 


channel gain so full-scale reflection on the polar dis- 
ply is suitable for the component you wishto measure 
and perform the following: 


a. For single frequencies above 1GHz, setup the 
8745A to measure the desired reflection coefficient 
(S11 or Sg9). Calibrate the display unitand attach the 
Sliding load (HP Model 907A) to the 8745A incident 
power port (INPUT PORT A or B). Slide the load and 
adjust the horizontal and vertical controls until the 
circle rotates about the center of the CRT, as shown 
in Figure 3-16. Directivity is now cancelled for this 
frequency and this test channel gain on the Network 
Analyzer. 


b. For single frequencies below 1 GHz, setup the 
8745A to measure the desired reflection coefficient 
(Siz or So5). Calibrate the display unit and connect 
a low reflection termination (|p| = 0.005 max.), such 


Model 8745A 


as a HP Model H01-909A, to the 8745A incident power 
port (INPUT PORT A or B) at the reference plane. 
Since the magnitude of the Model H01-909A reflection 
is very small, the measured reflection coefficient 
can be considered the directivity vector. Adjust the 
8414A horizontal and vertical controls to place the 
_ dot in the center of the CRT. Directivity is now 
cancelled for this frequency and this test channel 
gain on the Network Analyzer. 


3-22. With either the 8413A or 8405A, the vector 
subtraction must be done manually: 


a. For single frequencies above 1GHz, setup the 
8745A to measure the desired reflection coefficient 
(S11 or S99). Calibrate the display unit and attach a 
Sliding load (HP Model 907A) to the 8745A incident 
power port (INPUT PORT A or B). Slide the load to 
find the maximum magnitude* of reflection coefficient, 
|p1|. Record|p1| and its phase angle. Slide the load 
to find the minimum magnitude** of reflection co- 
efficient, |p 2|. Record|p 2| and its phase angle. If 
the directivity vector is larger than the load reflec- 
tion, the measured phase angle of |p 1| and |p2| will 
be the same,as shown in Figure 3-17, and the magni- 
tude of the directivity vector can be determined from: 


1+ 2 
2 


If the directivity vector is smaller than the load 
reflection, the phase angle of |p2| will be 180° from 
the phase angle of |p1| as shown in Figure 3-18, and 
the magnitude of the directivity vector can be de- 
termined from: 


1} & | p2 
2 


Record the magnitude and phase of the directivity 
vector. The phase is the phase angle of |p1| . The 
directivity vector must be vectorially subtracted from 
any reflection measurement at this frequency (see 
step c). 


MAXIMUM 


MINIMUM ORIGIN OF 


LOAD VECTOR 


ORIGIN 
DIRECTIVITY 


sesenes LOAD REFLECTION 


Figure 3-17. Typical Polar Plot Showing Method 
of Separating Load Vector from Directivity 
Vector when Directivity Vector is Larger 
than Load Vector 


‘ * Maximum magnitude: directivity vector plus re- 


flection from sliding load adding in phase. 
**Minimum magnitude: reflection from sliding load 
180° from directivity vector. 
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MAXIMUM 


ORIGIN OF 
LOAD VECTOR 


MINIMUM 


om== DIRECTIVITY 
===e==2 LOAD REFLECTION 


Figure 3-18. Typical Polar Plot Showing Method 
of Separating Load Vector from Directivity 
Vector when Directivity Vector is Smaller 

than Load Vector 


b. For single frequencies below 1GHz, setup the 
8745A to measure the desired reflection coefficient 
(Sy1 or S99). Calibrate the display unit and connect 
a low reflection termination (|p| = 0.005 max.), such 
as a HP Model H01-909A,to the 8745A incident power 
port (INPUT PORT A or B). Since the magnitude of 
the Model H01-909A reflection is very small, the 
measured reflection coefficient can be considered 
the directivity vector. Record the phase and magni- 
tude of the directivity vector. This vector must be 
subtracted from any reflection measurement at this 
frequency (see step c below). 


c. The vector subtraction can be accomplished 
conveniently by performing the subtraction graphically 
(using reflection coefficient, not dB) as shown in 
Figure 3-19. Plot the directivity vector and the 
measured reflection vector on polar graph paper. 
Place a second sheet of polar graph paper over the 
first with the origin of the second graph at the tip of 
the directivity vector, and with the vertical and hori- 
zontal axes parallel to the vertical and horizontal 
axes of the first graph. Drawavector from the origin 
(tip of the directivity vector) to the tip of the mea- 
sured vector. This vector is the reflection coefficient 
of the device under test. 


3-23. CALIBRATING OUT THE REFLECTION 
OF THE TRANSISTOR FIXTURE. 


3-24. The reflection of the transistor fixture is sig- 
nificant whenthe reflection of the device under test is 
very small. The error canbe calibrated out at single 
frequencies. Figure 3-20 shows how the fixture re- 
flection can add vectorially to the transistor reflec- 
tion. Measure the fixture reflection at a single fre- 
quency by plugging the 50-ohm termination into the 
fixture andmeasure S141 and S99. Make sure the input 
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ORIGIN OF SECOND 
SHEET OF GRAPH PAPER 


ORIGIN | |p| = REFLECTION MAGNITUDE 


OF DEVICE UNDER TEST 


fe = REFLECTION PHASE 
OF DEVICE UNDER TEST 


Figure 3-19. Typical Polar Plot Showing Graph 
Method of Cancelling Directivity 


port of the 8745A is the one that will be used for the 
transistor measurement. Since the magnitude of the 
50-ohm termination's reflection is very small, the 
measured reflection coefficient can be considered the 
fixture reflection plus the directivity vector. 


3-25. When using the Network Analyzer with a polar 
display, the vector subtraction can be performed 
directly with the horizontal and vertical position 
controls on the display. Adjust these controls until 
the dot representing the measured reflection is at the 
center of the display. Fixture reflection is now 
eliminated at this frequency and for this 8410A gain 
setting. When using the Network Analyzer with a 
8413A display unit, or the 8405A, the vector sub- 
traction can be performed (using reflection coefficient, 
not dB), as in paragraph 3-22c, by inserting fixture 
plus directivity for directivity. 


3-26. REMOTE S-PARAMETER SELECTION. 


3-27. A thirty-six pin connector on the rear panel 
of the 8745A provides contacts for remote s para- 
meter selection and biasing. Eleven of the thirty-six 
pins are used in the 8745A. The pins and their uses 
are given in Table 3-1. The pins used for remote 
selection are: 


Pin Function 
17 Remote Select 
6 Remote S Parameter 
Select. 
24 Remote S Parameter 
Select. 
18 and 36 Remote Control Common 
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ACTUAL TRANSISTOR 
REFLECTION 


Figure 3-20. Typical Polar Plot Showing Measured 
Transistor Reflection as the Sum of Fixture 
and Transistor Reflections 


3-28. When remote select pin 17 is open or not con- 
nected to a remote control common (pins 18 or 36), 
the 8745A is in the manual mode. In this mode of 
operation the front panel push-buttons are all enabled 
and s parameter select pins 6 and 24 are disabled, 
Parameters can be selected from the front panel only, 
and either port A or port B can be selected as the 
input port to the device under test. 


3-29. When remote select pin 17 is connected to a 
remote control common (pins 18 or 36), the 8745A is 
in the remote mode. In this mode of operation the 
front-panel pushbuttons are disabled and remote 
S parameter select inputs pins 6 and 24 are enabled, 
allowing s parameter Selection through only the remote 
input lines. 


3-30. When the 8745A is set to the remote mode, 
port A is always defined as the inputport to the device 
under test. Since the four s parameters are defined 
as: Sj, = input reflection coefficient, S9, = forward 
transmission coefficient, Sj9 = reverse transmission 
coefficient and S99 = output reflection coefficient, the 
input port of the device under test must be clearly 
defined. When a transistor fixture is being used with 
a 8745A,the snap-on dial may indicate that port B is 
to be selected; however, in remote operation port B 
cannot be selected. Nevertheless, results equivalent 
to selecting port B can be obtained. As indicated in 
Figures 3-3 and 3-4, selecting port A and Sq is 
equivalent to selecting port B and Soo; therefore, to 
measure 8,1 remotely when port B is connected to 
the input port of the device under test, remotely 
select Soo. 


3-31. The contact closures required for remote 
selection of s parameters are listed in Table 3-3. 
Shorting pin 17 to either of the remote control re- 
turns, pin 18 or pin 36, selects remote programming, 
To select S,1, for example, pins 6 and 24 must be 
open with respect to both of the remote control 
returns. 


Model 8745A 


3-32. A typical contact closure circuit is shown in 
Figure 3-21. The 8745A supplies approximately 
+12 Vdc when the contact is open and 12 mA of cur- 
rent flows when the contact is closed. Noise on the 
remote control lines should not exceed 3 volts peak- 
to-peak in the open circuit condition and 1.8 volts 
peak-to-peak in the closed circuit condition, 


3-33. CARE OF APC-7 CONNECTORS. 


3-34. RF connections to and from the device under 
test and to the phase-amplitude ratio indicator are 
made with APC-7 style, 50-ohm, 7-mm sexless 
connectors. These connectors should be handled 
with particular care for two reasons: 


a. Continuity through APC-7 connectors is obtained 
by end-to-end contact of the inner and outer conduc- 
tors. Consequently, the electrical performance of 
the connector is largely dependent upon the condition 
of these exposed surfaces. 


b. The inner conductors of the front-panel con- 
nectors are attached to directional coupler striplines, 
and any rotational force on the inner conductor may 
result in damage to the directional coupler. 


3-35. Important recommendations about the handling 
and care of the APC-7 connectors are given in 
Figure 3-22. The part of an input connector that is 
most likely to be damaged is the inner conductor 
contact. Since it protrudes slightly beyond the plane 
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of electrical contact, any wiping action of one con- 
nector across the other can damage the contact 
enough to cause a discontinuity. The risk of this kind 
of damage can be minimized, as stated in Figure 
3-22, by always having the coupling sleeves on the 
input port connectors fully extended. 


3-36. CONTACT REPLACEMENT. 
3-37. Replacement inner conductor contacts are avail- 
able from Hewlett-Packard (Part Number 1250-0907), 


and from Amphenol RF Division, Danbury, Connecticut 
(Part Number 131-129). 


3-38. The important precautions that apply to the re- 
placement of inner conductor contacts are these: 


a. Do not disassemble the connector. 


b. Do not apply more than slight inward pressure 
to the inner conductor. 


c. Do not apply ANY twisting force to the inner 
conductor. 


d. Do not attempt to repair contacts. 


e. Do not re-use contacts. 


CAUTION 


Inward pressure or twisting force applied to 
the inner conductor can render the Model 
8745A inoperative. 


Table 3-3. Signal Requirements for Remote S-Parameter Selection 


Input connected to 


Parameter PORT A 


to be 


measured Pin 18 or 36 to: 


Open Open 
Open Shorted 
Shorted Open 


Shorted Shorted 


Input connected to 
PORT B 


Pin 18 or 36 to: 


Shorted Shorted 
Shorted Open 
Open Shorted 


Open Open 


Before selecting parameters, setup for remote control by shorting pin 17 to either pin 18 or 36. 
NOTE: There are two requirements for selecting each parameter. 
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REMOTE CONTROL 
INPUT STAGE 


Figure 3-21. Typical Remote Contact Closure Circuit 


3-39. Because of the above considerations, contact 
removal should not be attempted with ordinary hand 
tools. Only the Hewlett-Packard self-positioning, 
hypodermic-action, contact extractor tool (Part Num- 
ber 5060-0236)* should be used. This tool exerts no 
appreciable inward pressure and no twisting force on 
the inner conductor. Instructions for removing con- 
tacts are supplied with the tool. 


3-40. No tool is required for installing a replacement 
contact. Insert the contact gently by hand, applying 
only enough inward pressure to snap it into place. 
Then check for proper installation by inspecting the 
contact for even spacing of its four segments. Also, 
test for normal spring action by applying light inward 


* Part of APC-7 Connector Tool Kit HP 11591A. 
3-22 


pressure against the end of the contact with a pencil 
eraser. As the pressure is released the contact’s 
Spring action should cause it to move outward. If 
not, the contact is defective and should be replaced. 


3-41. COUPLING MECHANISMS. 


3-42. The coupling mechanism includes the coupling 
nut and the two-piece coupling sleeve assembly shown 
in Figure 3-22. Both of these parts can be replaced 
using procedures in Paragraph 4-33. 


3-43. POWER SWITCH LAMP REPLACEMENT. 


3-44, The lamp that indicates line power is applied 
to the Model 8745A is housed in the POWER switch 
pushbutton. To replace the lamp, unscrew the re- 
taining ring near the front panel, pull out the push- 
button, and remove the lamp. Replacement lamp is 
HP Part Number 2140-0052, LAMP:GLOW. 
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APC-7 CONNECTORS 


COUPLING SLEEVE 
OUTER CONDUCTOR 


BS SL SSS a a 
Rereanan: Hy 
& SK amaemes///aoea 


Do not twist inner con- 
ductor. 


INNER CONDUCTOR 
CONTACT 


TITTIES Gg 


eet ~ 
cess aay 


Se 


COUPLING NUT 


USE CARE 


To Connect: 1. Keep contacting surfaces smooth and clean. 


1. Onone connector, retract the coupling sleeve Irregularities and foreign particles can degrade 
by turning the coupling nut counterclockwise electrical performance. 
until the sleeve and nut disengage. 


On the other connector, fully extend the coup- 
ling sleeve by turning the coupling nut clock- 
wise. To engage coupling sleeve and coupling 
nut when the sleeve is fully retracted, press 
back lightly on the nut while turning it clockwise. 


Push the connectors firmly together , andthread 

the coupling nut of the connector with retracted 

sleeve over the extended sleeve. Leave the 

other coupling nut in the original position: COUPLING SLEEVE 
closing the gap between coupling nuts tends to 

loosen the electrical connection. 


; CONTACTING 
To Disconnect: SURFACES 
1. Loosenthe coupling nut of the connector show- 

ing the wider gold band. 


Protect the contacting surfaces when the con- 
nector is not in use by leaving the coupling 
sleeve extended. 


Use lintless material and/or firm-bristied 
brush such as toothbrush for cleaning. If a 
cleaning fluid is needed use isopropyl alcohol. 
IMPORTANT: Do not use aromatic or chlori- 
nated hydrocarbons, esters, ethers, terpenes, 
higher alcohols, ketones, or ether-alcohols 
such as benzene, toluene, turpentine, dioxane, 
gasoline, cellosolve acetate, or carbon tetra- 
chloride. Keep exposure of the connector parts 
IMPORTANT: Part the connectors carefully to to both the cleaning fluid and itsvapors as brief 
prevent striking the inner conductor contact. as possible. 


Figure 3-22. APC-7 Connectors 
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PUSHBUTTON LAMP REPLACEMENT 


SIDE VIEW 


DO NOT REMOVE PUSHBUTTON. Remove . Press lens and label into place in pushbutton 
pushbutton lens and label by inserting special opening. 
tool (HP Part Number 4040-0427), soldering NOTE 
aid, or small, blunt tool in the slot in the 
bottom of the pushbutton. Press tool forward If the pushbutton has been removed: 
against lens tab to release lens and label. If 


pushbutton comes out see NOTE in Step 3. a. Reinstall pushbutton, lens and label 


removed. 


Remove defectivelamp. Aneedle-nose pliers, b. Insert the metal contactor in slot of 
tweezers, or HP 4040-0427 tool can be used pushbutton as shown. If contactor is 
as an extracting tool. Install new lamp (HP not inserted properly in slot, switch 
Part Number 2140-0241). will stay on at all times. 


Figure 3-23. Pushbutton Lamp Replacement 
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SECTION IV 
MAINTENANCE 


4-1. INTRODUCTION. 


4-2. This section provides instructions for per- 
formance testing, troubleshooting, and repairing the 
8745A. If the serial prefix (the first three numbers 
of the serial number) of your instrument is dif- 
ferent than that listed on the title page of this manual, 
then there are differences between your instrument 
and the instrument described in this manual. See 
Paragraph 1-35. 


4-3. PERFORMANCE TESTING. 
4-4, PROCEDURES. 


4-5. The procedures in Figure 4-2 check the 8745A 
performance for incoming inspection, periodic evalu- 
ation, and troubleshooting. The tests can be performed 
without access to the instrument interior. The speci- 
fications of Table 1-1 are the performance standards. 


4-6. TEST EQUIPMENT REQUIRED. 


4-7. The test instruments and accessories required 
to make the performance checks are listed in 
Table 4-4. Test instruments other than the ones 
listed can be used provided their performance equals 
or exceeds the Critical Specifications listed. 


4-8. ADJUSTMENTS. 


4-9. The only adjustment is the digital counter 
friction clutch. The adjustment procedure is given 
in Figure 4-8. 


4-10. TROUBLESHOOTING. 
4-11. TEST EQUIPMENT REQUIRED. 


4-12. The test instruments and accessories required 
for troubleshooting are listed in Table 4-4. Test 
instruments other than those listed can be used 
provided their performance equals or exceeds the 
Critical Specifications listed. 


4-13, PROCEDURES. 


4-14, Always start locating trouble with a thorough 
visual inspection for burned-out or loose components, 
loose connections, or any conditions which suggest 
a source of trouble. Check the fuse to see that it is 
not open. 


4-15. If trouble cannot be isolated to a bad com- 
ponent by visual inspection, the trouble should be 
isolated to a circuit section. Isolation to a circuit 
section can be accomplished by using the trouble- 
Shooting procedures in Figures 4-4 through 4-7. 
Figure 4-4 is a general troubleshooting procedure 
and is also useful as a quick operational check. 


This procedure isolates trouble to either the RF 
section or relay switching circuits and should be 
performed first. 


4-16. The test point voltages presented in Tables 
6-1, 6-2, and 6-3 are also useful in troubleshooting. 
The power supply voltages of the instruments used 
to take the voltages in the tables were close to 28 V. 
Therefore, if the power supply voltage of your in- 
strument is other than 28 V the test point voltages 
will vary proportionally from those given in the 
tables. 


4-17. TRANSISTOR TESTING. 


4-18. IN-CIRCUIT TESTING. The common causes 
of transistor failures are internal short - and open- 
circuits. In transistor circuit testing the most im- 
portant consideration is the transistor base-emitter 
junction. Like the control grid of a vacuum tube, 
this is the operational control point in the transis- 
tor. This junction is essentially a solid-state diode. 
For the transistor to conduct, the diode must con- 
duct; that is, the diode must be forward biased. As 
with simple diodes, the forward-bias polarity is 
determined by the materials forming the junction. 
Use the transistor symbol on the schematic diagram 
to determine the bias polarity required to forward- 
bias the base-emitter junction. Figure 4-1 shows 
transistor symbols with terminals labeled. Notice 
that the emitter arrow points toward the type N 
material. The other two columns of the illustration 
compare the biasing required to cause conduction 
and cut-off. If the transistor base-emitter diode 
(junction) is forward-biased the transistor conducts. 
If the diode is heavily forward-biased, the transistor 
saturates. However, if the base-emitter diode is 
reverse-biased the transistor is cut off (open). 


B. Transistor Biasing 


CUTOFF CONDUCTION 


NPN +V 
MAIN 


CURRENT 
+V. 


COLLECTOR 


use ff) 


EMITTER 


PNP 


COLLECTOR 


BASE 


CURRENT 


EMITTER 


Figure 4-1. Transistor Biasing Characteristics 
4-1 
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The voltage drop across a forward-biased emitter- 
base diode varies with transistor collector current. 
For example, a germanium transistor has a typical 
forward-bias, base-emitter voltage of 0.2-0.3 volt 
when collector current is 1-10 mA, and 0.4-0.5 volt 
when collector current is 10-100 mA. In contrast, 
forward-bias voltage for silicon transistors is about 
twice that for germanium types: about 0.5-0.6 volt 
when collector current is low, and about 0.8-0.9 
volt when collector current is high. 


4-19. When examining a transistor stage, first de- 
termine if the emitter-base diode is biased for 
conduction (forward-biased) by measuring the voltage 
difference between emitter and base. When uSing an 
electronic voltmeter, do not measure directly between 
emitter and base: there may be sufficient loop 
current between the voltmeter leads to damage the 
transistor. Instead, measure each voltage separately 
with respect to a power supply common point (not 
chassis). If the emitter-base diode is forward- 
biased, check for amplifier action by short-circuiting 
base to emitter while observing collector voltage. 


The short circuit eliminates base-emitter bias and 


should cause the transistor to stop conducting (cut off). 


Table 4-1. Out-of-Circuit Transistor 
Resistance Measurements 


Connect Ohmmeter 


Tnanaictor Measure 
as Resistance 
athe pees (ohms) 

lead to eb to 


— 200-250 
Small 
Signal 
PNP emitter 10K-100K 
30-50 


Gerla emitter | base* 
nium 
Power several 
emitter | collector Renae 
PNP Small very high 
silicon | Signal | emitter «| collector || | (misht 
read open) 


very high 
collector | emitter (might 
NPN read open) 
Power 
collector | emitter 


high, often 
greater 
than 1M 


*To test for ee eee action, add collector-base 
short. ee eee resistance should decrease. 
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Collector voltage should then shift to near the supply 
voltage. Any difference is due to leakage current 
through the transistor and, in general, the smaller 
this current, the better the transistor. If collector 
voltage does not change the transistor has either 
an emitter-collector short circuit or emitter-base 
open circuit. 


4-20. OUT-OF-CIRCUIT TESTING. The two com- 
mon causes of transistor failure are internal short- 
and open-circuits. Remove the transistor from the 
circuit and use an ohmmeter to measure internal 
resistance. See Table 4-1 for measurement data. 


CAUTION 


Most ohmmeters can supply enough current 
or voltage to damage a transistor. Before 
using an ohmmeter to measure transistor 
forward or reverse resistance, check its 
open-circuit voltage and short-circuit cur- 
rent output ON THE RANGE TO BE USED. 
Open-circuit voltage must not exceed 1.5 
volts and short-circuit curent must be less 
than 3 mA. See Table 4-2 for safe resistance 
ranges for some common ohmmeters. 


Table 4-2. Safe Ohmmeter Resistance Ranges 
for Transistor Measurements 


Open | Short | Lead | 
Ohm - F : F f 
Range(s) |Circuit | Circuit 
meter 
Current | Color 
aie 
| HP 412A : 
HP 427A : Red 
; Black 
HP 410C 


HP 410B 


Simpson | Rx 100 1.5V Red 
260 Black 
Simpson | Rx1K 1.5V | 0.82 mA| Black] + 
269 Red ~ 


Triplett | Rx 100 1.5V |3.25 mA Varia 
630 |Rx1K | 1.5V | 325 nA eae 


Triplett |Rx10 | 1.5V | 750 pA Rae 
310 |Rx100 | 1.5V | 75 uA 
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4-21. REPAIR PROCEDURES. 


4-22. General information and procedures for the 
repair of printed circuit boards are given in para- 
graphs 4-23 through 4-28. Paragraphs 4-29 through 
4-49 list procedures for the repair or replacement 
of major assemblies and connectors. 


4-23. PRINTED CIRCUIT BOARDS. 


4-24. The printed circuit boards in the 8745A are of 
the plated-through type consisting of metallic con- 
ductors bonded to both sides of insulating material. 
Soldering can be done from either side of the board 
with equally good results. Table 4-3 lists required 
tools and materials. Following are recommendations 
and precautions pertinent to printed circuit repair 
work. 


a. Avoid unnecessary component substitution; it can 
result in damage to the circuit board and adjacent 
components. 


b. Do not use a high-power soldering iron. Ex- 
cessive heat may lift a conductor or damage the 
board. 


c. Use a suction device (Table 4-3) or wooden tooth- 
pick to remove solder from component mounting holes. 
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DO NOT USE A SHARP METAL OBJECT SUCH AS 
AN AWL OR TWIST DRILL FOR THIS PURPOSE. 
SHARP OBJECTS MAY DAMAGE THE PLATED- 
THROUGH CONDUCTOR. 


d. After soldering, remove excess flux from the 
Soldered area and apply a protective coating to 
prevent contamination and corrosion. See Table 4-3 
for recommendations. 


4-25. A broken or burned section of conductor can 
be repaired by bridging the damaged section with a 
length of tinned copper wire. Allow adequate over- 
lap and remove any varnish from etched conductor 
before soldering wire into place. 


4-26. COMPONENT REPLACEMENT. Ageneralpro- 
cedure for replacing a component is as follows: 


a. Remove defective component from circuit board. 


b. Remove solder from mounting holes using a 
suction desoldering aid (Table 4-3) or wooden 
toothpick. 


c. Shape leads of replacement component to 
match mounting hole spacing. 


d. Insert component leads into mounting holes 
and position component as original was positioned. 


Table 4-3. Printed Circuit Soldering Equipment 


Soldering Tool Soldering 


Unsoldering 


Soldering Tip Soldering 
general purpose | Unsoldering 


De-soldering Unsoldering multi- 
aid connection components 
(e.g., sockets) 


Resin (flux) 
solvent 


Remove excess flux 
from soldered area 

before application of 
protective coating 


Component replacement 


Circuit board repair 
Wiring 


Protective 
Coating 


Contamination, 
corrosion protection 
after soldering 


Wattage ratings: 37.5 
Tip Temp: 750 - 800° F 
Tip Size: 1/8" OD 


Shape: chisel 
Size: 1/8" 


Suction device to 
remove molten solder 
from connection 


Must not dissolve 
etched circuit base 
board material or 
conductor bonding 


agent 


Resin (flux) core, 

high tin content (60/40 
tin/lead), 18 gauge (SWG) 
preferred 


Good electrical insulation, 
corrosion-prevention 
properties 


Ungar #776 Handle with 
Ungar #1237 Heating Unit 


Ungar #PL113 


Soldapullt by the Edsyn 
Company, Arleta, 
California 


Freon 

Acetone 

Lacquer Thinner 
Isopropyl Alcohol 
(100% dry) 


Silicone Resin such as 
GE DRI-FILM* 88 


*General Electric Co., Silicone Products Dept., Waterford, New York, USA 
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DO NOT FORCE LEADS OF REPLACEMENT COM- 
PONENT INTO MOUNTING HOLES. Sharp lead ends 
may damage plated-through conductor. 


NOTE 


Axial lead components, such as resistors 
and tubular capacitors, can be replaced 
without unsoldering. Clip leads near body of 
defective component, remove component and 
straighten leads left in board. Wrap leads of 
replacement component one turn around 
original leads. Solder wrapped connection and 
clip off excess lead. 


4-27. TRANSISTOR REPLACEMENT. A generalpro- 
cedure for replacing a transistor is as follows: 


a. Do not apply excessive heat. See Table 4-3 
for soldering tool specifications. 


b. Use a heat sink such as pliers or hemostat 
between transistor body and hot soldering iron. 


c. When installing a replacement transistor, en- 


sure sufficient lead length to dissipate heat ofsolder- , 


ing by maintaining about the same length of exposed 
lead as used for the original transistor. 


NOTE 


If one of the RF source Relay Driver tran- 
sistors (A3Q11, A3Q12, A3Q13, or A3Q14) 
fails, additional current willbe drawn through 
one of the other driver transistors. This 
additional current may not burn out thetran- 
sistor, however, it may damage the tran- 
sistor and a repeat failure may occur within 
the next few weeks of operation. Therefore, 
when replacing A3Q11, A3Q12, A3Q13, or 
A3Q14, replace all four transistors before 
applying power to the 8745A. 


4-28. DIODE REPLACEMENT. Solid state diodes are 
in many physical forms. This sometimes results in 
confusion as to which lead or connection is for the 
cathode (negative) or anode (positive), since not all 
diodes are marked with the standard symbols. If 
doubt exists as to polarity, an ohmmeter may be 
used to determine the proper connection. It is nec- 
essary to know the polarity of the ohms lead with 
respect to the common lead for the ohmmeter used. 
Ohms lead polarities for some common ohmmeters 
are Shown in Table 4-3. When the ohmmeter indicates 
the least diode resistance, the cathode of the diode 
is connected to the ohmmeter lead which is negative 
with respect to the other lead. 


NOTE 


Diode replacement instructions are the same 
as those for transistor replacement. 


4-29. RF SOURCE RELAY (All) REPLACEMENT. 
4-30. REMOVAL. To remove All: 


a. Remove top and bottom covers and the right 
rear Side-panel cover. 
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b. Disconnect All’s green and white wires at 
the A5 assembly. 


ec. Loosen connectors of coaxial cables W9 and 
W10 at both ends using a 3/4 inch open-end wrench, 
and remove the cables. 


d. Remove the two screws holding All to the 
rear-panel and remove All. Unsolder the green 
and white wires from All. These wires are to be 
installed on the replacement assembly. 


4-31. INSTALLATION. To install All: 


a. Insert the RF INPUT connector of All through 
the rear-panel and secure All to the rear-panel with 
two 6-32 x 5/16 inch screws with internal lock 
washer. Position All so that the side with the 
flat plate is facing the side panel. 


b. Install W9 and W10 and tighten their large 
hex nuts. 


c. Connect the white wire to the top of All and to 
the four post pad on A5 where three other white wires 
are connected. Connect the green wire to the bottom 
of All and to the four post pad on A5 where three 
other green wires are connected. 


4-32. RF SOURCE RELAY (A9 OR A10) 
REPLACEMENT. 


4-33. REMOVAL. To remove AQ or A10: 


a. Remove All using instructions in paragraph 
4-30. 


b. Remove the two screws holding Jl (36-pin 
connector). 


c. Remove Jl’s outer cover and slide the con- 
nector through the rear panel. 


d. If the 8745A is equipped with a rear-panel 
coaxial link, remove the coaxial link and disconnect 
each rear-panel connector as follows: 


(1) Remove the large thin nut securing connector 
body to rear panel using a 3/4-inch open- 
end wrench. 


(2) Push connector from inside the 8745A to 
expose the flat surfaces of connector body, 
apply an 11/16-inch open-end wrench to these 
flat surfaces, and apply a 7/16-inch open-end 
wrench to the small brass hex nut (cable 
terminator) inside the 8745A. Unscrew the 
stainless steel connector body. 


e. Remove the rear panel by removing four screws, 
two in the side panel, and two in the rear panel. 


f. Disconnect all push-on wires from the Ad 
assembly. 


g. Remove the A5 assembly by removing its four 
mounting screws. 


h. AQ or A1l0 may now be removed by unscrewing 
the knurled nut of connector atthe directional coupler. 
Unsolder the green and white wires from the coaxial 
switch to be replaced. These wires are to be in- 
stalled on the new assembly. 
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4-34. INSTALLATION. To install A9 or A10: 


a. Connect the knurled nut of the stainless steel 
connector to the directional coupler. Position the 
relay so that its termination is closest to the sub 
deck. 


b. Mount the A5 assembly to the AQ and Al10 
assemblies with four 4-40 x 1/4 inch pan head 
screws and lock washers (connect the grounding 
lug under the top rear mounting screw). 


c. Connect the push-on wires to the Ad assembly 
as follows: 


(1) Connect the two orange wires to the pad on 
the A5 assembly marked ORN. 


(2) Connect the two blue wires to the pad on 
the A5 assembly marked BLU. 


(3) Connect the three white wires to the pad on 
the A5 assembly marked WHT. 


(4) Connect the three green wires to the pad on 
the A5 assembly marked GRN. 


(5) Connect the violet wires, one from AQ and one 
from A10, to the A5 pad marked VIO which is 
closest to each coaxial switch. 


d. Install the rear panel and secure with two 
8-32 x 1/4-inch flat-head screws with lock washers 
in the side panel, and two 6-32 x 5/16-inch pan-head 
screws with lock washers in the rear panel. 


e. If the 8745A is equipped with a rear-panel 
coaxial link, replace the rear-panel connectors as 
follows: 


(1) Push the cable, terminator and bead attached, 
through the appropriate rear-panel hole and 
screw on the connector body. If the nut used to 
secure the connector body has been removed, 
replace nut and washer on cable before at- 
taching connector body. 


(2) Apply an 11/16-inch, open-end wrench to the 
flat surfaces on the connector body and tighten 
the connector body (do not apply excessive 
torque to connector body or damage to the 
bead may occur). 


(3) Secure the connector to rear panel with large 
thin nut. 


f. Push Jl (36-pin connector) through hole in 
rear-panel, replace Jl’s cover, and secure con- 
nector to the rear panel with two 2-56 x 1/2-inch 
pan head screws, 


g. Replace All using instructions in paragraph 
4-31. 


4-35. DIRECTIONAL COUPLER (DC1 AND DC2) 
REPLACEMENT. 


4-36. The directional couplers must be replaced in 
pairs. Refer to parts list for pair part number. 
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4-37. REMOVAL. To remove the couplers: 


a. Remove A9, Al10, and All using instructions 
in Paragraphs 4-33 and 4-30. 


b. Remove the A3 assembly. 


c. Disconnect cables W7 and W8 from DCl and 
DC2 as follows: 


(1) Remove right rear side panel and carrying 
handle assembly by removing the two side- 
panel screws. 


(2) Remove the two A8 mounting bracket screws. 


(3) Disconnect the stainless steel knurled con- 
nectors of W7 and W8 from DCl1 and DC2. 


d. Disconnect cables W4 and W5 from A7 as 
follows: 


(1) Loosen the stainless steel knurled connectors 
of W4 and W5 at A7 (Do not attempt to dis- 
connect these connectors with AT mounting 
bracket secured). 


(2) Remove the two screws from the A7 mount- 
ing bracket. 


(3) Disconnect W4 and W5 connectors from A7. 


e. On units not equipped with rear-panel coaxial 
link remove W6 (coaxial cable from line stretcher 
to A8). 


f. Remove the two screws securing directional 
coupler rear mounting bracket (bottom of instrument). 


g. Remove the four screws, two on top and two 
on bottom, securing the directional couplers’ front 
mounting bracket, and slide the directional couplers 
out the rear of the instrument. 


h. Disconnect W4 and W5 from DCl and DC2. 


i. Disassemble the directional couplers and their 
mounting brackets as follows: : 


(1) Remove the stainless steel lock nut and re- 
taining nut from rear of bracket assembly. 
Remove the rear mounting bracket. 


(2) Remove the stainless steel nut from the 
coupler retaining bracket, and remove cou- 
plers. 


4-38. INSTALLATION. To install the couplers: 


a. Assemble the couplers and their mounting 
brackets as follows: 


(1) Insert the APC-7 connector end into the front 
mounting bracket. Position couplers with un- 
painted side up (bottom of front bracket has 
recess for Transistor Fixture guide). 


4-5 


Section IV 


(2) Install the coupler retaining bracket and se- 
cure with stainless steel 1/4-20 nut. 


(3) Install the rear mounting bracket and secure 
with 1/4-20 retaining nut and 1/4-20 lock nut. 


b. Connect W4 and W5 to DCl and DC2. Tighten 
connectors with cables positioned so they will mate 
with A7 connectors when assembly is installed in 
instrument. 


c. Slide the directional couplers and mounting 
brackets into place through the rear of the instrument 
and secure the front mounting bracket with four 
6-32 x 1/2 inch flat head screws, two on top and two 
on bottom. Secure the rear mounting bracket with 
two screws on bottom. 


d. Connect W4 and W5 to AT and secure A7 
mounting bracket with two 6-32 x 1/2 inch pan 
head screws and clamping bar. 


e. Connect cables W7 and W8 to DCl and DC2 
and secure A8 with two 6-32 x 1/2 inch flat head 
screws and lock washers. 


f. On units not equipped with a rear-panel co- 
axial link, install W6. 


g. Install the A3 Assembly. 


h. Install A9 and Al10 using instructions in Para- 
graph 4-34 and install All using instructions in 
Paragraph 4-31. 


4-39. LINE STRETCHER (A6) REPLACEMENT. 
4-40. REMOVAL. To remove line stretcher: 


a. Remove top and bottom covers and the left 
rear Side-panel cover. 


b. Remove the REFERENCE and TEST output 
connectors as follows: 


(1) Remove the large thin nut securing connector 
body to rear panel using a 3/4-inch open-end 
wrench. (Remove the cross bar above con- 
nectors for access to retaining nuts). 


(2) Push connector from inside the 8745A to 
expose the flat surfaces of connector body, 
apply an 11/16-inch open-end wrench to the 
small brass hex nut (cable terminator) in- 
Side the 8745A. Unscrew the stainless steel 
connector body. 


c. Remove the A7 assembly as follows: 


(1) Loosen the type N connectors of the three 
coaxial cables (W2, W4, and W5) attached 
to the A7 assembly. Do not attempt to dis- 
connect these connectors with the A7 mounting 
bracket secured. 


(2) Remove the two screws from the A7 mounting 
bracket. 
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(3) Disconnect W4 and W5 connectors from the 
A7 assembly. 


(4) Disconnect and remove W2. 


d. Disconnect W13 (W6 on instruments with serial 
numbers prefixed 823-) from the A6 assembly. 


e. Disconnect and remove W4 and Wo. 
f. Remove the front-panel line stretcher crank. 
g. Remove the power on-off pushbutton. 


h. Remove the sub-deck by removing four screws, 
two accessible through the left side panel, and two 
securing the opposite side, accessible from the 
bottom. 


i. Remove the two screws from the line stretcher’s 
rear mounting bracket and the two screws from the 
bottom of the front mounting bracket. 


j. Remove the two screws from the top of the front 
mounting bracket. 


k. Slide the line stretcher out the rear of the 
instrument. 


m.Remove W383 and the front and rear mounting 
brackets from the line stretcher. 


4-41. INSTALLATION. To install line stretcher: 


a. Attach the front mounting bracket to the line 
stretcher with three 6-32 x 3/16-inch flat head 
screws. 


b. Attach the rear mounting bracket to the line 
stretcher with two 6-32 x 5/16-inch pan head screws. 


c. Connect W83 to the line stretcher and position 
cable so that it will extend through the proper hole 
in the sub-deck when the line stretcher is in place. 


d. Slide the line stretcher andits mounting brackets 
into place through the rear of the instrument and 
secure the front mounting bracket with four 
6-32 x 3/16-inch flat head screws, two on top and 
two on bottom. 


e. Secure the rear mounting bracket with two 
8-32 x 5/16-inch pan head screws. 


f. Install the sub-deck and secure with four screws, 
two 6-32 x 1/2-inch pan head screws through the left 
Side panel, and the opposite side with two 
6-32 x 1/2-inch pan head screws and nuts accessible 
from the bottom. 


g. Install the power on-off pushbutton. Be sure the 
lamp is making good contact by allowing a small 
amount of clearance between the cap nut and the 
knurled retaining nut. 


h. Install the front panel line stretcher crank. 
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i. Connect W2 to the center port of the A7 as- 
sembly. 


j. Connect W4 and Wd to DCl and DC2 and to 
the A7 assembly. 


k. Secure the A7 assembly with two 6-32 x 1/2- 
inch pan head screws and clamping bar. 


m. Connect W13 (W6 on instruments with serial num- 
bers prefixed 823-) to the line stretcher. 


n. Install the REFERENCE and TEST output con- 
nectors as follows: 


(1) Push the cable, with terminator and bead 
attached, through the appropriate sub-deck hole 
and screw on the connector body (if the nut 
used to secure the connector body has been 
removed, replace nut and washer on cable 
before attaching connector body). 


(2) Apply an 11/16-inch open-end wrench to the 
flat surfaces on the connector body and tighten 
the connector body. Do not apply excessive 
torque to connector body or damage to bead 
may occur. 


(3) Secure the connector to rear panel with large 
thin nut. 


p. Install the cross bar and cable clamps. 


q. Secure sub-deck with a 4-40 x 1/4-inch flat 
head screw above both the REFERENCE and TEST 
channel output ports. 


4-42. RF CONNECTOR REPAIR, 


4-43. FRONT PANEL INPUT PORT A AND B. IN- 
PUT PORT A ispart of a directional coupler and so is 
INPUT PORT B. The center conductor of each con- 
nector is soldered to a directional coupler stripline; 
any rotational force onthe center conductor may 
damage the directional coupler. Repair of the direc- 
tional coupler requirestuning for directivity and phase 
matching; therefore, fieldrepair is not recommended, 
However, the connector's inner conductor contact and 
coupling assembly may be replaced. 


4-44, For replacing an inner conductor contact a 
contact extractor tool* (HP part number 5060-0236) 
is required. To replace an inner conductor contact: 


a. Open jaws of contact extractor tool by pulling 
T-bar toward the black handle. 


b. Holding jaws open, place tool over inner con- 
ductor contact holder, and align jaws with contact 
by pushing tool onto connector as far as it will go. 


c. Without moving tool, allow jaws to close. 
d. Remove contact by gently pulling tool straight 


outward from connector. To release contact from 
tool, reopen jaws. 


*Included in the HP 11591A APC-7 Connector Tool Kit. 
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e. Push the replacement contact into the inner 
conductor contact holder until it snaps into place. 
When properly installed, the contact is self-retaining 
and protrudes slightly from the inner conductor, the 
Spaces between the contact segments are equal, and 
the flat contacting surfaces form a uniform ring. 


f. Check for correct installation by inspecting con- 
tact and testing its spring action, To test Spring action, 
press lightly inward on the contact with fingernail 
or pencil eraser. As pressure is released the con- 
tact should move outward, or follow, slightly. If not, 
the contact is defective and should be replaced. 


4-45. For replacing a coupling assembly a special 
Spanner wrench* (HP part number 5060-0237) and 
open-end wrench* (HP part number 8710-0877) are 
required. To replace a coupling assembly: 


a. Remove the directional couplers using proce- 
dures in Paragraph 4-37. 


b. Partially extend coupling sleeve to serve as 
guide for spanner wrench. 


c. Place the open-end wrench over the flats on 
the outer conductor behind the coupling nut. 


CAUTION 


Do not apply more than 30 in.-lbs of rota- 
tional force in either direction on the outer 
conductor. Any rotational force may be 
transmitted to the inner conductor via the 
bead and damage the directional coupler. 


d. Position spanner wrench so both pegs engage 
holes in coupling sleeve assembly. 


e. Press spanner firmly inward against connector 
to prevent wrench from disengaging and damaging 
exposed contacting surface of outer conductor. Un- 
screw sleeve assembly by turning wrench counter- 
clockwise, while holding open-end wrench firmly to 
prevent outer conductor from rotating. 


f. Thread coupling nut onto coupling sleeve. 


g. Thread coupling assembly onto outer conductor 
finger tight. 


h. Fully retract the coupling sleeve, then just start 
to extend it. Place the open-end wrench over the flats 
on the outer conductor behind the coupling nut. Then 
extend the coupling nut as far as it will go to obtain 
as much alignment aid as possible for the spanner 
wrench. 


i. Press firmly inward on the spanner wrench 
while tightening to prevent the pegs from disengaging 
and damaging the critical contacting surfaces of the 
connector. Tighten sleeve assembly by turning wrench 
clockwise, while holding open-end wrench firmly to 
prevent outer conductor from rotating. 


j. Install directional couplers using procedures 
in Paragraph 4-38. 
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4-46. RF INPUT PORT. The RF INPUT port is part 
of the input coaxial switch All. If the input port 
connector is damaged, replace the All Assembly 
using procedures in Paragraph 4-29. 


4-47, REFERENCE AND TEST CHANNEL OUTPUT 
AND REAR-PANEL COAXIAL LINK CONNECTORS. 
To remove a connector refer to Figure 4-2 and: 


a. Remove the large thin nut securing connector 
body to rear panel, using a 3/4-inch open-end wrench. 


b. Push connector from inside the 8745A to expose 
the flat surfaces of connector body, apply an 11/16- 
inch open-end wrench to these flat surfaces, andapply 
a 7/16-inch open-end wrench to the small brass hex 
nut (cable terminator) inside the 8745A. Unscrew the 
stainless steel connector body. 


c. Remove the bead assembly by pulling it from 
the cable’s center conductor. 


d. To remove the cable terminator, hold the cable 
terminator with one open-end wrench and loosen 
the stainless steel lock nut with a second open-end 
wrench. With the lock nut loose, slide the cable 
terminator off the cable. 


PANEL 


0.250 inch CABLE 
COAXIAL CABLE TERMINATOR WASHER 
STAINLESS STEEL LARGE THIN 


LOCK NUT NUT 
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4-48. Toreplace aconnector referto Figure 4-2 and: 
a. Slide the stainless steel lock nut onto the cable. 


-b. Slide the cable terminator onto the cable. Be 
sure the cable’s outer conductor is seated against 
the shoulder inside the cable terminator. 


c. Thread the stainless steel lock nut onto the 
cable terminator and tighten the lock nut with one 
Open-end wrench. while holding the cable terminator 
with another open-end wrench. 


d. Insert the bead assembly onto the cable's cen- 
ter conductor and seat the bead against the cable 
terminator. 


e. Slide the large, thin connector-securing nut and 
washer onto the cable, and push the cable through the 
hole in the rear panel. Thread the stainless steel 
connector body onto the cable terminator, and tighten 
the connector body with an open-end wrench applied to 
the flats on the connector body. Do not apply more 
than 30 in. -lbs of force to connector body. 


f. Thread the large thin connector securing nut 


onto the back of the connector body and 
tighten securely. 


STAINLESS STEEL 


on FLAT ae BODY 


_||-s=n- a 
CENTER CONDUCTOR CONTACT 
TERMINATOR HOLDER 


Figure 4-2. REFERENCE and TEST Channel Output and Coaxial Link Connectors Exploded View 
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Table 4-4. Recommended Test Equipment 


Recommended 


Instrument Critical Specifications HP Model 


Sweep Oscillator Frequency Range: 0.1 to 2 GHz 
Output Power: 1 mW minimum into 50 ohms 
Power Variation: 20 dB maximum 
VSWR: 3.1, maximum 


8690A, B/8699B 


8410A/8411A/8413A, 
8414A 


140A/1415A 
11565A 


HO1-909A 
11604A 


432A/8478B 
Option 11 


Network Analyzer No substitute may be used 


Time Domain No substitute may be used 
Reflectometer 


Connector: Precision 7mm 


Low Reflection Impedance: 50 ohms 

50-ohm Load Power Ratings: 10 mW minimum 
VSWR: 1.01, maximum 
Connector: Precision 7mm 


Universal Extension 50-ohm semi-rigid coaxial cable 
with Precision 7mm connectors for 
connecting INPUT PORT A to INPUT 
PORT B: 

VSWR: 1.06, maximum 


Microwave Power Frequency Range: 0.1 to 2 GHz 
Meter Power Range: 0 to -25 dBm 


DC Volt-Ohmmeter Voltage Range: 0 to 30 Volts DC 
Voltage Accuracy: 3% 
Ohms Range: 0 to 100 


50-ohm Termination Impedance: 50 ohms 
Power Rating: 20 mW, minimum 
Connector: Type N male 
VSWR: 1.1, maximum 


1200A, B 
120B 
130C 


Oscilloscope Bandwidth: 500 KHz minimum 
Horizontal External Input: 
Sensitivity compatible with 
Sweep Oscillator sweep output 
voltage. 


* P = Performance Testing 


T = Troubleshooting 


Section IV Model 8745A 


DESCRIPTION AND PROCEDURE 


NOTE 


The time required to complete the performance test can be significantly 
reduced by testing across broader frequency ranges than those indicated 
on the 8410A frequency range selector. Most Network Analyzers can 
track input frequencies over more than one octave. Factors involved in 
achieving greater frequency coverage are sweep width and sweep time 

on the sweep oscillator and the settings of the sweep stability and fre- 
quency range selector on the network analyzer. The suggested frequency 
bands are: 100 to 400 MHz, 400 to 900 MHz, and 900 MHz to 2.0 GHz. 
To extend the lower frequency band it may be necessary to adjust the 
8410A frequency range selector to the 1.0 to 2.0 GHz range. 


SPECIFICATION TESTED 


Directivity: 36 dB (o = 0.016) from 0.1 to 1.0 GHz 


32 dB (p = 0.025) from 1.0 to 2.0 GHz 


DESCRIPTION 


Directivity is tested using each internal coupler to measure the reflection coefficient of 
a standard termination. The reflection coefficient of the termination is cancelled out at 
single frequencies and the resultant is coupler directivity. 


TEST SETUP 


SWEEP OSCILLATOR 
0O.1- 2.0 GHz 


) | 
l- ~< 
| 


L—en 
LOW REFLECTION 
50-OHM LOAD 


NETWORK ANALYZER 


HARMONIC FREQUENCY 
CONVERTER 


*HP Part No. 08745-20064 for test units equipped with rear panel coaxial link. 


Figure 4-3. Performance Test (Sheet 1 of 6) 
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TEST DESCRIPTION AND PROCEDURE 


| PROCEDURE 
(Contd) 
Connect equipment as shown in test setup. 


Calibrate the 8414A display as follows: 
1. Connect APC-7 short to 8745A Port A and depress pushbuttons A and Sin: 
2. Set Sweep Oscillator to automatic sweep. 


NOTE 


Most Network Analyzers will phase lock over more than one 
octave. To cover the entire operating range of the 8745A in 
a minimum number of frequency segments, set the Sweep 
Oscillator end frequencies to cover the broadest segment of 
the 0.1 to 2.0 GHz range to which the Network Analyzer will 
phase lock. 


Adjust the Network Analyzer and Sweep Oscillator controls for best phase lock 
over the frequency band selected. 


Push and hold 8414A BEAM CTR control and adjust HORIZ POS and VERT POS 
controls to place dot in the center of the polar display. 


Adjust the 8410A TEST CHANNEL GAIN and AMPLITUDE VERNIER controls 
for a trace on the outer circle of the CRT graticule. 


Remove APC-7 short and replace with 50-ohm termination. 


Increase 8410A TEST CHANNEL GAIN by 32 dB for 1.0 to 2.0 GHz. This changes 
the full-scale reflection calibration from 1.0 to 0.025 (directivity of 32 dB) at the 
outer circle. For 0.1 to 1.0 GHz increase the TEST CHANNEL GAIN by 36 dB to 
calibrate the outer circle for reflection coefficient of 0.016 (directivity of 36 dB). 


NOTE 


The 8414A display is now the combination of coupler directivity 
and reflection coefficient of the 50-ohm termination. 


The 8414A display of directivity should be within the outer circle. If the directivity 
does not meet specifications, separate the coupler directivity and reflection 
coefficient of the 50-ohm termination as follows: 


1. Set the Sweep Oscillator to CW and select the frequency which corresponds to the 
point of greatest reflection on the 8414A display. 


Insert two or more sections of air line, one at a time, between the 8745A and the 
50-ohm termination to phase the load. Use a grease pencil or felt pen to mark the 
location of the 8414A display for each length of line inserted. Obtain a minimum 
of four points and draw a circle connecting each grease pencil mark. Variations 
from a circle are due to reflections of the air line. The center of this circle is 
the tip of the directivity vector. The magnitude of this point should not exceed 
OsOl1G arom 05. to 1.0 Gz, 0;025;from.1.0 10.2. 0'GHz: 


Repeat steps b through e for other frequency segments as necessary to cover the 
2 


range of 0.1 to 2.0 GHz. 


Connect APC-7 short to 8745A port B, depress pushbuttons B and S,,, and repeat 
tel 
steps b (2) through f. ; 


Figure 4-3. Performance Test (Sheet 2 of 6) 
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DESCRIPTION AND PROCEDURE ( 


SPECIFICATION TESTED 


Load Match: Reflection Coefficient (VSWR) 
<0.10 (<1.22), 100-200 MHz. 


<0.063 (<1. 13), 200-2000 MHz. 


DESCRIPTION 


Input (test) port VSWR istested usingthe internal coupler associated with the other port 
ina reflectometer setup canceling at single frequencies, if necessary, coupler 
directivity and other reflections. 


TEST SETUP 


SWEEP OSCILLATOR 
OF 2,01GHz 


UNIVERSAL 
EXTENSION 


LOW REFLECTION 
50-OHM LOAD 


NETWORK ANALYZER 


= =— 


@—-e e 


©-le e| HARMONIC FREQUENCY 
ps CONVERTER 


*HP Part Number 08745-20064 for test units equipped with rear-panel coaxial link. 
PROC EDURE 

a. Connect equipment as shown in test setup. 

b. Calibrate the 8414A display as follows: 


1. Connect APC-7 short to port A arm of Universal Extension and depress 
pushbuttons A and San: 


Set Sweep Oscillator to automatic sweep. 


Figure 4-3. Performance Test (Sheet 3 of 6) 
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TEST DESCRIPTION AND PROCEDURE 


NOTE 


Most Network Analyzers will phase lock over more than one 
octave. To cover the entire operating range of the 8745A in 
a minimum number of frequency segments, set the Sweep 
Oscillator end frequencies to cover the broadest segment of 
the 0.1 to 2.0 GHz range to which the Network Analyzer will 
phase lock. 


Adjust the Network Analyzer and Sweep Oscillator controls for best phase lock 
over frequency band selected. 


Push and hold 8414A BEAM CTR control and adjust HORIZ POS and VERT POS 
controls to place dot in the center of the polar display. 


Adjust the 8410A TEST CHANNEL GAIN and AMPLITUDE VERNIER controls 
for a trace on the outer circle of the CRT graticule. 


Remove the APC-7 short and connect the two arms of the Universal Extension together 
(8745A port A connected to port B). 


Increase 8410A TEST CHANNEL GAIN by 20 dB for 0.1 to 0.2 GHz. This changes 
the full-scale reflection calibration from 1.0 to 0.1 at the outer circle. For 0.2 
to 2.0 GHz, increase the TEST CHANNEL GAIN by 24 dB to calibrate the outer 
circle for reflection coefficient of 0. 063. 


The 8414A display of reflection coefficient should be within the outer circle. If 

the reflection coefficient does not meet specifications, separate the Universal 
Extension reflection coefficient and coupler directivity from the reflection coefficient 
of the 8745A as follows: 


1. Set the Sweep Oscillator to CW and select the frequency which corresponds to the 
point of greatest reflection on the 8414A display. 


Terminate the main line of the reflectometer with a low reflection load. When 
checking the input reflection of port A: 


(a) Disconnect the Universal Extension from port B and loosen the 
connection at port A. 


(b) Swing the Universal Extension lower connector above the 8745A and 
tighten the connection at port A. 


Connect Low Reflection 50-ohm load to the free connector of the 
Universal Extension. 


checking the input reflection of port B: 


Disconnect the Universal Extension from port A and loosen the 
connection at port B. 


Swing the Universal Extension upper connector below the 8745A 
and tighten the connection at port B. 


Connect Low Reflection 50-ohm load to the free port of the 
Universal Extension. 


Figure 4-3. Performance Test (Sheet 4 of 6) 
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Section IV 
TEST DESCRIPTION AND PROCEDURE 


ys . Without depressing BEAM CTR adjust 8414A HORIZ POS and VERT POS 
(Contd) controls to place dot at the CRT center. 


Disconnect the 50-ohm load and reconnect the Universal Extension in the 
normal manner. The 8414A display is now the input reflection coefficient 
only. The equivalent directivity of this measurement is the return loss 
of the 50-ohm load. 


Connect Short to port B arm of Universal Extension, depress 8745A pushbuttons 
B and S44 and repeat steps b(2) through e. 


Repeat steps b through f for other frequency segments as necessary to cover the 
range of 0.1 to 2.0 GHz. 


3 SPECIFICATION TESTED 
Source Match: Reflection coefficient (VSWR) < 0.057 (< 1.12), 0.11 - 2.0 GHz. 


DESCRIPTION 


Source match is tested by measuring the change in magnitude of a maximum reflection 
when the phase of the reflected signal is varied. 


TEST SETUP 
SWEEP OSCILLATOR 
OSCILLOSCOPE 0.1 -2.0 GHz 
[ secutisaarsenncetimtantiearnnains aviary | 

ry 
RF 
OUT 

NETWORK ANALYZER 
= | SHORT 

Wes oe 


HARMONIC FREQUENCY 
CONVERTER 


*HP Part No. 08745-20064 for test units equipped with rear panel coaxial link. 


Figure 4-3. Performance Test (Sheet 5 of 6) 
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DESCRIPTION AND PROCEDURE 


PROCEDURE 


a. Connect equipment as shown in test setup. 
b. Connect APC-7 short to 8745A port A and depress pushbuttons A and San 
Set Sweep Oscillator to automatic sweep. 


NOTE 


Most Network Analyzers will phase lock over more than 
one octave. To cover the entire operating range of the 
8745A in a minimum number of frequency segments, set 
the Sweep Oscillator end frequencies to cover the broad- 
est segment of the 0.1 to 2.0 GHz range to which the 
Network Analyzer will phase lock. 


Adjust the Network Analyzer frequency range selector and sweep stability 
control, the Sweep Oscillator sweep time and sweep width, and the Oscilloscope 
vertical and horizontal positioning controls to display the amplitude output of the 
8413A. 


Calibrate the Oscilloscope vertical sensitivity to display 0.25 dB/cm. 


Draw the oscilloscope trace on the face of the CRT with a grease pencil. 


g. Remove the APC-7 short and draw the trace of the open circuit on the face 
of the CRT. 


The maximum deviation between traces should not exceed 1.0 dB indicating 
a VSWR < 1.12. 


VSWR = antilog 0.05 (deviation between traces in dB) 


i. Repeat steps b through h for other frequency segments as necessary to cover 
the range of 0.1 to 2.0 GHz. 


Connect APC-7 short to 8745A port B, depress pushbuttons B and $11, and repeat 
steps f through h for each frequency segment to cover the range of 0.1 to 2 GHz. 


Figure 4-3. Performance Test (Sheet 6 of 6) 
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Table 4-5. Performance Test Record 


Test 


Number Specification Tested 


Directivity 


(Equivalent Reflection 
Coefficient) 


Load Match 


Reflection Coefficient 
(VSWR) 


Source Match 


Reflection Coefficient 
(VSWR) 


Limits 


> 36 dB 
(< 0. 016) 


Says (ollie) 
(=, 0,025) 


>32 dB 
(< 0.025) 


< 0,1 (116,22) 


= 02063i=, 1813) 


tela <al ree) 


= 0.063 (1513) 


=—O205 (it. tz) 


<0 05 (nlewla de.) 


Indication Measured 


INPUT PORT A 


INPUT PORT B 


0.1 


INPUT PORT A 
0.1 
0.2 
0.2 


INPUT PORT B 


INPUT PORT A 
Omi to 
to 
to 


1.0 to 


INPUT PORT B 
ORT to 


Model 8745A Section IV 


If no pushbuttons illuminated check +26.5 V 
supply. 


If all pushbuttons will illuminate except one, 
troubleshoot associated latching circuit using 
Check all pushbuttons for illumination. voltages on schematic No, 2. 


If selection cannot be changed by depressing 
other pushbuttons, troubleshoot Q19 Manual 
Disable Inverter circuit using voltages on 
schematic No. 3. 


Obtain a reference power level atinput to 8745A 


<2 W. Without changing pushbutton selection measure 


power at port B. Power = 3 to 4 dB below refer- 


Depress pushbuttons A and Sj; and measure eneeicvel 


power at 8745A port A. Power should be 3 to 
4 dB below reference level. 


With pushbuttons A and S11 depressed, power 
should come out port A. If power does come 
out port A but the level of power isincorrect, 
troubleshoot the RF circuit from RF input to 
port A. Refer to Figure 4-7. 


With pushbuttons A and S11 depressed, power 
should come out port A. If the power is coming 
out port B instead, RF Source Relay All is not 
Switching properly. Refer to Figure 4-5 Relay 
Troubleshooting. 


Depress pushbuttons B and Sj; and measure |yo| Without changing pushbutton selection measure 
power at 8745A port B. Power should be 3 to power at port A. Power = 3 to 4 dB below refer- 
4 dB below reference level. ence level. 


With pushbuttons B and S,, depressed, power 
should come out port B. If power does come 
out port B but the level of power isincorrect, 
troubleshoot the RF circuit from RF input to 
port B. Refer to Figure 4-7. 


With pushbuttons Band S,, depressed, power 
should come out port B. If the power is coming 
out port A instead, RF Source Relay All is not 
switching properly. Refer to Figure 4-5 Relay 
Troubleshooting. 


Continued 


Figure 4-4. General Troubleshooting (Sheet 1 of 2) 
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4 


Connect detector to REFERENCE output port. 
Select each combination of input port and |No 
Ss parameter. The power level should be 

= 24 dB below reference level for each combi- 
nation selected. 


Connect detector to TEST output port. The 


power level should be = 24 dB below reference 
level for each of the following pushbuttons 
selected: A and S11, Band S13, Aand §S 
B and S99. 


22’ 


The TEST channel output port power level should 
be >80 dB below the reference level for each of 
the following combinations selected: A and S91, 
A and $12, B and $21, B and 812. 


All circuits in the 8745A have been checked ex- 
cept those associated with remote control. To 
check remote control: Short pin 17, rear-panel 
REMOTE INPUT connector, to either pin 18 or 
36. Pushbuttons A and Si4 illuminated. 


Short pin 17 and pin 6 to either pin 18 or 36. 
Pushbuttons A and Sj9 illuminated. 


Short pin 17 and pin 24 to either pin 18 or 36. 
Pushbuttons A and So, illuminated. 


Short pin 17, pin 6 and pin 24 to either pin 18 or 
36. Pushbuttons A and S99 illuminated. 


Yes 
8745A Checks O.K. 


Model 8745A 


The REFERENCE output port power level should 
be ~ 24 dB below the RF input level at all times. 
If the level of power is incorrect, troubleshoot the 
RF circuit (refer to Figure 4-7). If no power is 
present, relay switching is faulty. Refer to 
Figure 4-5 Relay Troubleshooting. 


The TEST output port power level for these push- 
button selections should be ~24 dB below the RF 
input level. If the level of power is incorrect 
troubleshoot the RF circuit (refer to Figure 4-7). 
If no power is present, relay switching is faulty. 
Refer to Figure 4-5, Relay Troubleshooting. 


There should be no power coming out the TEST 
output port for these pushbutton selections. If 
power is present, relay switching is faulty. 
Refer to Figure 4-5 Relay Troubleshooting. 


Measure voltage at A3TP1. Voltage high. 


Troubleshoot Q19 Manual Disable Inverter 
circuit, using voltages on schematic No. 3. 


Troubleshoot Q22 Remote S-Parameter Decoder 
circuit using voltages on schematic No. 3. 


Troubleshoot Q23 Remote S-Parameter Decoder 
circuit using voltages on schematic No. 3. 


Troubleshoot Q24 Remote S-Parameter Decoder 
circuit using voltages on schematic No. 3. 


Troubleshoot Q25 Remote S-Parameter Decoder 
circuit using voltages on schematic No. 3. 


Figure 4-4. General Troubleshooting (Sheet 2 of 2) 


4-18 


Model 8745A Section IV 


NOTE 


All voltages taken with negative lead of voltmeter connected to A7TP2 
(Test Relay WHT/BLK lead). 


Measure de voltage at A2TP2. Voltage should be 
426.5 to +30.0 V. Troubleshoot A2 Power Supply Assembly. 


2 


Check operation of Test Relay according to the 
following table. 


MEASURE VOLTAGE AT A7TP1 
(WHT/RED LEAD) 


SELECT 
SELECT INPUT PORT If one or more voltage readingis incorrect the 


PARAMETER NO} trouble could be the Test Relay Driver or its 
input. Refer to Figure 4-6 Test Relay 


>+426.5V <41.0V Troubleshooting. 
_ a 
Yes 


Continued 


Figure 4-5. Relay Troubleshooting (Sheet 1 of 2) 
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Check operation of Reference and RF Source Relays 
according to the following tables. 


MEASURE VOLTAGE AT A8TP1 
(WHT/BLK/RED LEAD) 


SELECT 
INPUT PORT 


SELECT 


pee Ona 
€ eihe OW Seo.) We 
> 426,90 V) <+1/0 V. 


<4+1.0V >+26.5 V 


eT a 
A eee A 


MEASURE 
VOLTAGE 


MEASURE 

VOLTAGE 

AT A5TP2 
) (GRN LEAD) 


SELECT 
INPUT PORT 


PARAMETER 
ee ea ee eee 
<+0.5 V |>4+26.5 V [5426 V [41.2 V 


SELECT 
SELECT INPUT PORT 


| Sjy #26. V }<+0.5 Vi i¢4+1.2 V +26 V 
| Sy | 5408 Vi 1>4+26.5 V $426 V ikc+1.2 V 


pleat nee: V 1640.5 V [41.2 V b+26 V 
Yes 


The switching circuits operate normally. 
Refer to RF Section Troubleshooting 
Figure 4-7. 


Model 8745A 


The Test Relay has been checked and operates 
normally; therefore, the outputs of the AB 
Select Flip-Flop and S-Parameter Latchesare 
correct. An incorrect voltage reading at the 
Reference or RF Source Relays indicates a 
trouble either in the relay driver or the OR- 
Gates. The OR-Gates are common to both 
relay drivers; therefore, if oneor more voltage 
reading at both relays is incorrect trouble- 
shoot the OR-Gates. Ifincorrect voltage read- 
ings are presentatonly one relay troubleshoot 
the associated relay driver. 


NOTE 


Q15 can be damaged if de resistance 
of A8K1 is too low. Normal resistance 
is 80 to 95 ohms. Replace A8 if resist- 
ance is <65 ohms, and check Q15. 


Figure 4-5. Relay Troubleshooting (Sheet 2 of 2) 
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Depress pushbuttons B and S Measure volt- 


22 


Measure voltage at A3TP16. Voltage high. 
age at A3TP14. Voltage should be high. 


Troubleshoot Flip-Flop using voltages on 


schematic No. 2, 


Replace CR338. 


99° Measure volt- | No | Measure voltage at A3TP11 and A3TP10. Voltage 
age at A3TP14. Voltage should be low. should be low. 


Depress pushbuttons A and S 


Troubleshoot latching circuit associated with 
high voltage reading using voltages on 
Schematic No. 2. 


Troubleshoot Flip-Flop using voltages on 


schematic No. 2. 
Depress pushbuttons A and S,,. Measure volt- |No 
11 Measure voltage at A3TP11. Voltage high. 
age at A3TP14. Voltage should be high. 
Yes No 


Troubleshoot Si4 Latch circuit using voltages 


on schematic No. 2. 


Replace CR34. 
Depress pushbuttons A and S,,. Measure volt- |No 
12 Measure voltage at A3TP10. Voltage high. 
age at A3TP14. Voltage should be high. 


Yes No 


Troubleshoot Si9 Latch circuit using voltages 


on schematic No. 2. 


Replace CR35. 


Continued 


Figure 4-6. Test Relay Troubleshooting (Sheet 1 of 2) 
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Depress pushbuttons A and 8; 1 Measure volt- 


age at A3TP15. Voltage should be high. 


Depress pushbuttons B and Si: Measure volt- 
age at A3TP15. Voltage should be low. 


Depress pushbuttons B and So1° Measure volt- 
age at A3TP15. Voltage should be high. 


Depress pushbuttons B and Soo: Measure volt- 
age at A3TP15. Voltage should be high. 
Yes 


Troubleshoot Test Relay Driver circuit Q17 
and Q18 using voltages on schematic No. 4. 


NOTE 


Q17 can be damaged if de resistance 
of A7K1 is too low. Normal resistance 
is 80 to 95 ohms. Replace A8if resist- 
ance is <65 ohms, and check Q17. 


Model 8745A 


Measure voltage at A3TP17. Voltage high. 


Troubleshoot Flip-Flop using voltages on 


schematic No. 2. 


Replace CR37. 


Measure voltage at A3ITP8 and A3TP9., 


Voltage low. 
Yes No 


Troubleshoot latching circuit associated with 
high voltage reading using voltages on 
schematic No. 2. 


Troubleshoot Flip-Flop using voltages 


schematic No. 2. 
Measure voltage at A3TP9. Voltage high. 


Troubleshoot S,, Latchcircuit using voltages 


21 
on schematic No. 2. 


Replace CR39. 


Measure voltage at A3TP8. Voltage high. 


Troubleshoot Soo Latchcircuit using voltages 


on schematic No. 2. 


Replace CR40. 


Figure 4-6. Test Relay Troubleshooting (Sheet 2 of 2) 
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SYMPTOM. 


Section IV 


RF SECTION TROUBLESHOOTING 


To determine the trouble symptom perform the general troubleshooting procedure in Figure 4-4. 


Isolating an RF trouble is best accomplished by using a HP Model 1415A Time Domain Re- 


flectometer (TDR)*. 


The most probable causes of RF trouble are front-and-rear-panel 


coaxial connectors and the RF coaxial switches A7 through All. Several symptoms are listed 


below with procedures to help locate the trouble. 


Power level at INPUT PORT A 


abnormal. 
PROCEDURE. 


ie 


Connect a 50-ohm termination to the 8745A 
RF INPUT port. 


. Ground the bias filter capacitors by connecting 


a jumper wire from the bias input at AQ to 
chassis ground (violet wire at A5 Assy). 


3. Connect TDR to INPUT PORT A. 
4. Depress pushbuttons A and Sjj. 


5. Waveform ‘‘A’’ is a typical TDR presentation 


of a working unit. 


. If coaxial switch A9 is in the wrong position 
the TDR presentation will be similar to wave- 
form ‘‘B’’ (line terminated in A9’s blocking 
capacitor and 50-ohm load; can be simulated 
by switching from A and Si4 to BandS 


11° 


. If A9 is not making contact the TDRpresenta- 


tion will indicate an open as shown in waveform 
‘ eer? 


. If All is open or switched tothe opposite port 


the TDR presentation will be similar to wave- 
form <2; 


. The trouble may be in a coaxial switch or in 


the associated coaxial cable. Before re- 
placing a suspected coaxial switch, remove 
the associated coaxial cable and check it 
separately. 


SYMPTOM. Power level at INPUT PORT B ab- 
normal, 


PROCEDURE. 


i 


Connect a 50-ohm termination to the 8745A 
RF INPUT port. 


. Ground the bias filter capacitors by connecting 


a jumper wire from the bias input at A10 to 
chassis ground (violet wire at A5 Assy). 


3. Connect TDR to INPUT PORT B. 


. Depress pushbuttons B and S 


iG I 


5. Waveform ‘‘A’”’ is a typical TDR presentation 


of a working unit. 


. If coaxial switch A10 is in the wrong position 


the TDR presentation will be similar to wave- 
form ‘‘B’’ (line terminated in A10’s blocking 


capacitor and 50-ohm load; can be simulated 


by switching from B and Si4 to A and S14): 


. If Al10O is not making contact the TDR pre- 


sentation will indicate an open as shown in 
waveform ‘‘C’’, 


. If All is open or switched to the opposite 


port the TDR presentation will be similar 
to waveform ‘‘D’’, 


. The trouble may be in a coaxial switch or in 


the associated coaxial cable. Before re- 
placing a suspected coaxial switch, remove the 
associated coaxial cable and check it 
separately. 


SYMPTOM. Power level atREFERENCE or TEST 
channel output port abnormal. 


PROCEDURE. 


i 
2. 


Disconnect RF 


Connect TDR to the REFERENCE or TEST 
output port. 


input from signal source. 


. Waveform ‘‘E’”’ is a typical TDR presentation 


looking into the REFERENCE or TEST channel 
connector. 


. In normal operation A7 and A8 connect an 


output port to the coupled arm ofa directional 
coupler regardless of the combination of push- 
buttons selected; therefore, to determine if 
A7 or A8is switching properly, switch between 
pushbuttons A and B, which should terminate 
the switch into the coupled arm of one coupler 
and then the other. Observe the TDR pre- 
sentation closely. It is unlikely that the 
presentation looking at both couplers will be 
identical; therefore, if the presentation doesn’t 
change, the coaxial switch is probably not 
switching. Remove the suspected switch and, 
as a further check, measure dc continuity 
through the switch’s center conductor while 
applying a 24V switching voltage from a power 


supply. 


. If AT or A8 is open or shorted the TDR 


presentation will show an open or a short at 
the input or output of the switch. The open or 
short may be the coaxial cable connector. 
Remove the coaxial cable and check the cable 
separately. 


*Connect a 20-cm air line (HP 11567A) atthe end of the TDR cable to obtain a 50-ohm reference 


on CRT display. 


Figure 4-7. RF Section Troubleshooting 


(Sheet 1 of 2) 
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RF SECTION TROUBLESHOOTING (Contd) 


TDR DISPLAYS 


20cm AIR LINE Mima. 
FRONT PANEL 
INPUT CONNECTOR 
a ee fe 
RF INPUT 
ae5 CONNECTOR ie wie. |. ae 


aeniil oeeneceeee 
HORIZ =!0cm/DIV 
EFFECTS OF BIAS ; VERT (°)=0.02/DIV 


FILTER INDUCTOR 


Normal Display looking into INPUT PORT A Normal Display looking into INPUT PORT A or 
or INPUT PORT B with RF INPUT terminated INPUT PORT B with A9 or A10 switched to its 
in 50 Q and Bias Input shorted to chassis. termination 


HORIZ=!Ocm/DIV HORIZ=lOcm/DIV 
VERT (P)=0.02/DIV VERT (P)=0.02/DIV 


Looking into INPUT PORT A or INPUT PORT B Looking into INPUT PORT A or INPUT PORT B 
with output connector of A9 or A10 open. with All switched to the opposite Port. 
E 


+H} 7 
HORIZ =20cm/DIV 
VERT (P)=0.01/DIV 


Normal Display looking into REFERENCE 
or TEST Channel Output Port. 


Figure 4-7. RF Section Troubleshooting (Sheet 2 of 2) 
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FRICTION CLUTCH ADJUSTMENT: . Hold thumbwheel to retain zero indication 

and rotate the crank counterclockwise 

Remove the 8745A top cover. until the stop is reached. Release the 
thumbwheel. 


Loosen the two hollow hex-head screws (2) 
holding the collar (1) in position on the shaft. 


Rotate the crank clockwise until the stop 
is reached. The dial shouldindicate 15cm 


Hold the collar tightly against the spring or greater 


washer (3) flattening the washer, while tighten- 
ing the hollow hex-head screws (2). 

. Rotate the crank counterclockwise until 

Check the operation of the clutch as follows: : the stop is reached. The counter dial 

Should indicate all zeros again. If the 

a. Adjust the REFERENCE PLANE EXTEN- dial does not indicate all zeros, readjust 

SION crank until counter reads allzeros. the friction clutch and repeat this check. 


Figure 4-8. Digital Counter Friction Clutch Adjustment 
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Model 8745A 


5-1. INTRODUCTION. 


SECTION V 
REPLACEABLE PARTS 


5-2. This section contains information for ordering 
replacement parts. Table 5-1 lists parts in alpha- 


numericalorder of their reference designations 


and 


includes the description and HP part number of each 
part, together with any applicable notes. Table 5-2 
lists parts in order of their HP part number and pro- 
vides the following information on each part: 


a. Description of the part (see list of abbreviations 


below) 


b. Typical manufacturer of the part in a five-digit 
code; see list of manufacturers in Table 5-3. 


c. Manufacturer's part number. 


d. Total quantity used in the instrument (TQcolumn). 


01194-14 


WM aH a aN ON 


ton oe 


CC | et ai | 


We NY ET I OM all Mh a ie 


Me ee A te VES ny 


assembly 

motor 

battery 

capacitor 

coupler 

diode 

delay line 

device signaling (lamp) 
misc electronic part 


amperes 


automatic frequency control 


amplifier 


beat frequency oscillator 
beryllium copper 

binder head 

bandpass 

brass 

backward wave oscillator 


counter-clockwise 
ceramic 

cabinet mount only 
coefficient 
common 
composition 
complete 
connector 
cadmium plate 
cathode-ray tube 
clockwise 


deposited carbon 
drive 


electrolytic 
encapsulated 
external 


farads 

flat head 
fillister head 
fixed 

giga (10°) 
germanium 
glass 
ground(ed) 


hy hy 
On 


ea ie Leah 


ss 
ta 


TE a aE ee ecient 


a Ae ere 


i A a et 


WNW ON MN) Eo Sy 


om Won 


REFERENCE DESIGNATORS 


Section V 


d-3. Miscellaneous parts are listed at the end of 


Table 5-1. 


5-4. ORDERING INFORMATION. 


5-5. To obtain replacement parts, address order or 
inquiry to your local Hewlett-Packard sales and ser- 
vice office (see list at rear of this manual). Identify 


parts by Hewlett-Packard part number. 


5-6. 


a. Instrument model number. 


b. Instrument serial number. 


c. Description of part. 


d. Function and location of part. 


fuse MP 
filter je) 
integrated circuit Q 
jack R 
relay RT 
inductor Ss 
loud speaker ay 
meter TB 
microphone 2B2 
ABBREVIATIONS 
henries N/O 
hardware NOM 
hexagonal NPO 
mercury 
hour(s) 
hertz NPN 
intermediate freq NRFR 
impregnated 
incandescent NSR 
include(s) 
insulation(ed) OBD 
internal OH 
kilo = 1000 Ox 
left hand Pp 
linear taper EC 
lock washer PF 
logarithmic taper 
low pass filter PH BRZ 
PHL 
milli = 10-3 PIV 
meg = 106 PNP 
metal film 
metallic oxide P/O 
manufacturer POLY 
mega hertz PORC 
miniature POS 
momentary POT 
metal ozide substrate PP 
mounting Pay 
"mylar" PWV 
nano (10-9) RECT 
normally closed RF 
neon RH 


nickel plate 


aCe TSS SS) Cac 


ii} Woe on 


noneow il} 


NPS tl 


1) a i 


A A Se et 


Mm Mt 


mechanical part 
plug 

transistor 
resistor 
thermistor 
switch 
transformer 
terminal board 
test point 


normally open 
nominal 

negative positive zero 
(zero temperature 
coefficient) 
negative-positive- 
negative 

not recommended for 
field replacement 
not separately 
replaceable 


order by description 
oval head 
oxide 


peak 

printed circuit 
picofarads = 107 
farads 

phosphor bronze 
Phillips 

peak inverse voltage 
positive-negative- 
positive 

part of 

polystyrene 
porcelain 

position(s) 
potentiometer 
peak-to-peak 

point 

peak working voltage 


rectifier 

radio frequency 
round head or 
right hand 


NKMSS SG 
=5 


W WW 


PW ot 


Ht ot 


CYTTR ety raLYF, CUAST|SPSW 


oP We Wn 


iouow tt 


To obtain a part not listed, include: 


integrated circuit 
vacuum, tube, neon 
bulb, photocell, etc. 
voltage regulator 
cable 

socket 

crystal 

tuned cavity, 
network 


rack mount only 
root-mean square 
reverse working 
voltage 


slow-blow 
screw 
selenium 
section(s) 
semiconductor 
silicon 

silver 

slide 

spring 

special 
stainless steel 
split ring 
steel 


tantalum 

time delay 

toggle 

thread 

titanium 

tolerance 

trimmer 

traveling wave tube 


micro = 10-8 


variable 
de working volts 


with 

watts 

working inverse 
voltage 
wirewound 
without 
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Section V Model 8745A 


Table 5-1. Reference Designation Index 


Designation | _ @Part No. Description # t 


08745-6058 ASSY:S-PARAMETER SWITCH 


2140-0300 LAMP: INCANDESCENT 18V 0.04A 


2140-0300 LAMP: INCANDESCENT 18V 0.04A 
2140-0300 LAMP: INCANDESCENT 18V 0.04A 
2140-0300 LAMP: INCANDESCENT 18V 0.04A 
2140-0300 LAMP: INCANDESCENT 18V 0.04A 
2140-0300 LAMP: INCANDESCENT 18V 0.04A 


SEPARATELY 
SEPARATELY 
SEPARATELY 
SEPARATELY 
SEPARATELY 
SEPARATELY 


REPLACEABLE 


REPLACEABLE 
REPLACEABLE 
REPLACEABLE 
REPLACEABLE 
REPLACEABLE 


A2 08745-6056 ASSY:POWER SUPPLY 


A2C1 0180-0097 CsFXD ELECT 47UF 10% 35VDCW 


A2CR1 1901-0049 DIODE:SILICON 5SOPIV 
A2CR2 1901-0049 
A2CR3 1901-0049 
A2CR4 1901-0049 
A2CR5 1902-3193 


DIODE:SILICON 5SOPIV 
DIODE:SILICON 5OPIV % 

DIGDE:SILICON 50PIV 

DIODE BREAKDOWN:13.3V 52% 


A2Q1 NOT ASSIGNED 
A2Q2 1854-0039 


A2Q3 1854-0071 
A2Q4 1854-0071 


TRANSISTOR: SILICON 2N3053 
TRANSISTOR: SILICON NPN 
TRANSISTOR: SILICON NPN 


A2R1 0764-0016 R:FXD MET FLM 1000 OHM 52% 2W 


A2R2 0811-1666 R2FXD WW 1-0 OHM 5% 2W 

A2R3 0757-0280 R:FXD MET FLM 1K OHM 12 1/8W 
A2R4 0698-3136 R3:FXD MET FLM 17-8K OHM 12% 1/8W 
A2R5 0757-0278 R:FXD MET FLM 1-78K OHM 12 1/8W 
A2R6 0757-0438 RsFXD MET FLM 5.11K OHM 1% 1/8W 


A2R7 0757-0438 R:FXD MET FLM 5211K OHM 1% 1/8W 


A3 08745-6053 ASSY:RELAY DRIVE 
A3C1 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 


A3C4 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 


A3CR1 1901-0044 DIODE:SILICON 20MA/1V 
A3CR2 1902-0679 DIODE BREAKDOWN: 17.4V 5% 
A3CR3 THRU 1901-0044 DIODE:SILICON 20MA/1V 
A3CR5 1901-0044 DIODE:SILICON 20MA/1V 


# See introduction to this section for ordering information 
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Model 8745A Section V 


Table 5-1. Reference Designation Index (Contd) 


R aa 
CSG Description # 


A3CR6 1902-0679 
A3CRT 1901-0044 
A3CR8 1901-0044 
A3CR9 1901-0044 
A3CR10 1902-0679 


DIODE BREAKDOWN: 17.4V 5% 
DIODE:SILICON 20MA/1V 
DIODE:SILICON 20MA/1V 
DIODE:SILICON 20MA/1V 
DIGDE BREAKDOWN: 17.4V 5% 


DIODE:SILICON 20MA/1V 
DIODE:SILICON 20MA/1V 
DIODE:SILICON 20MA/1V 
DIODE BREAKDOWN: 17.4V 
DIODE:SILICON 20MA/1V 


A3CR11 1901-0044 
A3CR12 1901-0044 
A3CR13 1901-0044 
A3CR14 1902-0679 
A3CR15 1901-0044 


A3CR16 
A3ZCR17 
A3CR18 
A3CR19 
A3CR20 


A3CR21 
A3CR22 
A3CR23 
A3CR24 
A3CR25 


A3CR26 
A3CR27 
A3CR28 
A3CR29 
A3CR30 


A3CR31 
A3CR32 
A3CR33 
A3CR34 
A3CR35 


A3CR36 
A3CR37 
A3CR38 
A3CR39 
A3CR40 


A3CR41 
A3CR42 
A3CR43 
A3CR44 
A3CR45 


A3CR46 
A3CR47 
A3CR48 
A3CR49 
A3CR50 


A3CR51 
A3CR52 
A3CR53 
A3CR54 


1901-0044 
1901-0044 
1901-0044 
1901-0044 
1901-0044 


1901-0044 
1901-0044 
1901-0044 
1901-0044 
1901-0044 


1901-0044 
1901-0044 
1901-0044 
1901-0044 
1901-0044 


1901-0044 
1901-0044 
1901-0044 
1901-0044 
1901-0044 


1901-0044 
1901-0044 
1901-0044 
1901-0044 
1901-0044 


1902-0041 
1901-0049 
1901-0044 
1901-0044 
1902-0041 


1901-0049 
1901-0044 
1901-0044 
190 11-0044 
1901-0044 


1901-0044 
1901-0044 
1901-0044 
1901-0044 


DIODE:SILICON 
DIODE:SILICON 
DIODE:SILICON 
DIGDE:SILICON 
DIODE:SILICON 


DIODE:SILICON 
DIODE:SILICON 
DIODE:SILICON 
DIODE:SILICON 
DIODE:SILICON 


DIODE:SILICON 
DIODE:SILICON 
DIQDE:SILICON 
DIODE:SILICON 
DIODE:SILICON 


DIODE:SILICON 
DIODE:SILICON 
DIODE:SILICON 
DIODE: SILICON 
DIODEsSILICON 


DIODE:SILICON 
DIODE:SILICON 
DIODE:SiILICON 
DIODE:SILICON 
DIODE:SILICON 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


DIODE:BREAKDOWN 5.11V 
DIODE:SILICON 5OPIV 

DIODE:SILICON 20MA/1V 
DIODE:SILICON 20MA/1V 
DIODE:BREAKDOWN 5.11V 


DIGDE:SILICON 
DIODE: SILICON 
DIODE:SILICON 
DTVODE VS TEVEON 
DEODESSTELCON 


DIODE: SILICON 
DIODE:SILICON 
DEODESS PEST EON 
DIODE:SILICON 


# See introduction to this section for ordering information 


50PIV 

20MA/1V 
20MA/1V 
20MA/1V 
20MA/ 1V 


20MA/1V 
20MA/1V 
20MA/1V 
20MA/1V 


5% 400MW 


5% 400MW 
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Section V Model 8745A 


Table 5-1. Reference Designation Index (Contd) 


eccccune ¢p Part No. Description # 


A3CR55 1902-3290 DIODE BREAKDOWN:SILICON 31.6V 5% 
A3CR56 1901-0049 DIODE:SILICON 5OPIV 
A3CR57 1901-0049 DIGDE:SILICON 50PIV 
A3CR58 1902-3290 DIODE BREAKDOWN:SILICON 31.6V 5% 


A3Q1 1853-0020 TRANSISTOR: SILICON 


A3Q2 1854-0071 TRANSISTOR: SILICON 
A3Q3 1853-0020 TRANSISTOR: SILICON 
A3Q4 1854-0071 TRANSISTOR: SILICON 
A3Q5 1853-0020 TRANSISTOR: SILICON 
A3Q6 1854-0071 TRANSISTOR: SILICON 


A3Q7 1854-0071 TRANSISTOR: SILICON 
A3Q8 1854-0071 TRANSISTOR: SILICON 
A3Q9 1853-0020 TRANSISTOR: SILICON 
A3Q10 1853-0020 TRANSISTOR: SILICON 
A3Q11 1854-0039 TRANSISTOR: SILICON 


A3Q12 1853-0027 TRANSISTOR: SILICON 
A3Q13 1854-0039 TRANSISTOR: SILICON 
A3Q14 1853-0027 TRANSISTOR: SILICON 
A3Q15 1853-0027 TRANSISTGR: SILICON 
A3Q16 1854-0071 TRANSISTOR: SILICON 


A3Q17 1853-0027 TRANSISTOR: SILICON 
A3Q18 1854-0071 TRANSISTOR: SILICON 
A3Q19 1854-0071 TRANSISTOR: SILICON 
A3Q20 1854-0071 TRANSISTOR: SILICON 
A3Q21 1854-0071 TRANSISTOR: SILICON 


A3Q22 1854-0071 TRANSISTOR: SILICON 
A3Q23 1854-0071 TRANSISTOR: SILICON 
A3Q24 1854-0071 TRANSISTOR: SILICON 
A3Q25 1854-0071 TRANSISTOR: SILICON 
A3Q26 1854-0071 TRANSISTOR: SILICON 


A3Q2T7 1854-0071 TRANSISTOR: SILICON 
A3R1 0757-0442 R:FXD MET FLM 10.0K OHM 12 1/8W 


A3R2 0698-0083 R3FXD MET FLM 1.96K OHM 12% 1/8W 
A3R3 0698-3155 R:FXD MET FLM 4.64K OHM 1% 1/8W 
A3R4 0758-0015 R3FXD MET OX 220 OHM 5% 1/2W 

A3R5 0698-0083 R:FXD MET FLM 1.96K OHM 1% 1/8W 
A3R6 0698-3155 R3:FXD MET FLM 4.64K OHM 12 1/8W 


A3RT OS S005 RsFXD MET OX 220 OHM 5% 1/2W 
A3R8 0698-0083 RsFXD MET FLM 1.96K OHM 1% 1/8W 
A3R9 0698-3155 RsFXD MET FLM 4.64K OHM 1% 1/8W 
A3R10 0758-0015 RsFXD MET OX 220 OHM 5% 1/2W 
A3R11 0698-0083 R3FXD FLM 1.96K OHM 12% 1/8W 


A3R12 0698-3155 R:FXD FLM 4.64K OHM 1% 1/8W 
A3R13 0758-0015 R:FXD OX 220 OHM 5% 1/2W 
A3R14 0758-0043 R:FXD OX 1800 OHM 5% 1/2W 
A3R15 0758-0015 R: FXD OX 220 OHM 5% 1/2W 


# See introduction to this section for ordering information 
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Model 8745A Section V 


Table 5-1. Reference Designation Index (Contd) 


R ae 


0757-0438 FLM 5.11K OHM 1% 1/8W 
0757-0438 FLM 5.11K OHM 1% 1/8W 
0758-0015 OX 220 OHM 5% 1/2W 
0758-0043 OX 1800 OHM 5% 1/2W 
0698-0083 FLM 1.96K OHM 12 1/8W 


0698-0083 FLM 1.96K OHM 12 1/8W 
0757-0442 FLM 10.0K OHM 12 1/8W 
0758-0004 OX 2700 OHM 5% 1/2W 

0757-0442 FLM 10.0K OHM 12% 1/8W 
0757-0438 FLM 5.11K OHM 12 1/8W 


0757-0279 FLM 3.-16K OHM 12 1/8W 
0698-0083 FLM 1-96K OHM 12% 1/8W 
0758-0004 OX 2700 OHM 5% 1/2W 

07571-0442 FLM 10.0K OHM 1% 1/8W 
0757-0442 FLM 10.0K OHM 12 1/8W 


0698-3150 FLM 2.37K OHM 12 1/8W 
0698-3154 FLM 4.222K OHM 1% 1/8W 
0758-0004 OX 2700 OHM 5% 1/2W 

0757-0442 FLM 10.0K OHM 12% 1/8W 
0757-0442 FLM 10.0K OHM 1/8W 


0698-3150 FLM 2.37K OHM 1/8W 
0698-3154 FLM 4.22K 1/8W 
0757-0199 FLM 21.5K 1/8W 
0757-0442 FLM 10.0K 1/8W 
0698-3156 FLM 14.7K 1/8W 


0698-3154 4222K 1/8W 
0757-0199 FLM 21.5K 1/8W 
0757-0442 FLM 10.0K 1/8W 
0698-3156 FLM 14.7K 1/8W 
0698-3154 FLM 4.22K 1/8W 


0757-0199 FLM 21.-5K 1/8W 
0757-0442 FLM 10.0K 1/8W 
0698-3156 FLM 14.7K 1/8W 
0698-3154 FLM 4.22K 1/8W 
0757-0199 FLM 21.5K 1/8W 


0751-0442 FLM 10.0K 1/8W 
0698-3156 FLM 14.7K 1/8W 
0698-3154 FLM 4.22K 1/8W 
0757-0438 FLM 5.11K 1/8W 
075 71-0438 FLM 5.211K 1/8W 


0757-0462 FLM 75.0K 1/8W 
0698-0083 FLM 1.96K 1/8W 
0757-0438 FLM 5.11K 1/8W 
0758-0003 OX 1000 OHM 5% 1/2W 

0757-0460 FLM 61.9K OHM 12 1/8W 


0698-3449 FLM 28.7K 1/8W 
0757-0442 FLM 10.0K 1/8W 
0757-0462 FLM 75.0K 1/8W 
0698-0083 FLM 1.96K 1/8W 


# See introduction to this section for ordering information 
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Table 5-1. Reference Designation Index (Contd) 


Reference : eats 


0757-0438 R3FXD FLM 5.11K OHM 1% 1/8W 
0758-0003 R: FXD OX 1000 OHM 5% 1/2W 

0757-0460 R3FXD FLM 61-9K OHM 1% 1/8W 
0698-3449 R:FXD 28.7K OHM 1% 1/8W 
0757-0442 Rs FXD 10.0K OHM 1% 1/8W 


0757-0280 Rs FXD 1K OHM 1% 1/8W 
0757-0280 R3sFXD 1K OHM 1% 1/8W 
0757-0458 R:FXD 51-1K OHM 1% 1/8W 
0698-0083 R:FXD 1.96K OHM 12 1/8W 
0758-0063 Rs FXD OX 1600 OHM 5% 1/2W 


0757-0200 R3FXD FLM 5-62K OHM 1% 1/8W 
0698-3160 Rs: FXD FLM 31-6K OHM 1% 1/8W 
0683-3615 R3:FXD COMP 360 OHM 52 1/4W 

0698-0083 R: FXD FLM 1.96K OHM 12 1/8W 
0757-1078 R3FXD FLM 1-47K OHM 1% 1/2W 


0757-0814 Rs FXD FLM 511 OHM 1% 1/2W 
0757-0458 RsFXD FLM 51-1K OHM 12 1/8W 
0698-0083 R3FXD FLM 1.96K OHM 1% 1/8W 
0758-0034 R3FXD OX 2400 OHM 5% 1/2W 
0758-0034 R:FXD OX 2400 OHM 5% 1/2W 
0698-0083 R2FXD FLM 1.96K OHM 12 1/8W 
08745-6057 ASSY: INTERCONNECT 


1251-0213 CONNECTOR-PC 15 CONTACTS 


1251-1886 CONNECTOR: PC 30 CONTACTS 

08745-6024 ASSY:BIAS FILTER 

0180-2210 C:FXD AL ELECT 2 +50-10% 150VDCW 
0180-2210 C:FXD AL ELECT 2 +50-10% 150VDCW 
0180-2210 C:FXD AL ELECT 2 150VDCW 
0180-2210 C3sFXD AL ELECT 2 150VDCW 
0683-1055 R3FXD COMP 1 MEGOHM 

O65 75-1055 R:FXD COMP 1 MEGOHM 

08745-6001 ASSY:LINE STRETCHER 

3106-0005 SWITCH:COAXIAL SPDT 


08745-0039 BRACKET SUPPORT 
08745-0041 BAR: CLAMPING 


3106-0005 SWITCH:COAXIAL SPDT 


08745-0019 BRACKET : SUPPORT 
08745-0042 BAR:CLAMPING 


08745-6102 ASSY:RF SOURCE RELAY 
08745-6102 ASSY:RF SOURCE RELAY 


O8745=6103 ASSY: INPUT RF SOURCE RELAY 


0180-0369 C:FXD ELECT 2800 UF +75-10% 60VDCW 


# See introduction to this section for ordering information 
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Table 5-1. Reference Designation Index (Contd) 


Section V 


R se ° 
[Designation | @ Patt No. Description # 


OS ORNS 


08745-6009 
08745-0040 
08745-2055 
08745-2054 


2140-0052 
2110-0336 
2110-0340 
1251-0085 
1251-0148 
1251-2261 
1854-0072 
08745-0043 
0340-0092 
08745-0044 
1200-0092 
0683-4735 
3101-1248 
3101-1234 
9100-2728 


0380-0719 
08745-0037 


8120-1348 


08745-20062 
5040-0273 
08742-2022 
08745-2047 
08745-2038 


5040-0273 

08742-2022 
08745-2047 
08745-2035 
08745-2036 


08745-2035 


08745-2036 
08745-2034 


08745-2033 

08745-20060 
08745-20064 
08745-20063 


1400-0084 


CREAD CER 2ax 0501 UR 202° 250WVAC 
PART OF C2A 


DIRECTIONAL COUPLERCPAIR) 
SUPPORT BRACKET:REAR 
GUIDE 2FRONT 

CLAMP EQUALIZER:REAR 

PART OF DCl 


LAMP:GLOW 


FUSE:CARTRIDGE 0.8 AMP 250V SLOW-BLOWC230V) 


FUSE:CARTRIDGE 0.4 AMP SLOW BLOW 


CONNECTOR:FEMALE 36-PIN MINAT 
CONNECTOR:AC 3-PRONG MALE 
CONNECTOR:PC 15 PIN 


TRANSISTOR: SILICON NPN 2N3054 


BRACKET:HEAT SINK (BLACK) 
INSULATOR: FEED-THRU 
BAR:CLAMPING 

BUSHING: TRANSISTOR 


RsFXD COMP 47K OHM 5% 1/4W 
SWITCH:PUSHBUTTON SPDT 
SWITCH:SLIDE DPDT 
TRANSFORMER 2 2424V 


STANDOFF:8-32 TAP 
BRACKET: SUPPORT 


CABLE ASSY:POWER CORD 


ASSY:CABLE TEST OUT TO AT 
INSULATOR:RF CONNECTOR 
PINS FEMALE 

TERMINATOR: HYBRID 
ASSY:CABLE (REF OUT TO A6) 


INSULATOR:RF CONNECTOR 
PIN: FEMALE 

TERMINATOR: HYBRID 
ASSY:CABLE A7 TO DCl 
CABLE ASSY 

A? TO DC2 


NOT ASSIGNED 

CABLE ASSY 

A8 TO DC1 

CABLE ASSY:A8 TG DC2 
CABLE ASSY:A9 TO All 


CABLE ASSY:A10 TO All 

CABLE ASSY:A8 TO REAR PANEL 

CABLE ASSY:REAR PANEL COAXIAL LINK 
CABLE ASSY:REAR PANEL TO A6 


BUSEROEDER SE hRAGIOR: POS i iiiPE 


# See introduction to this section for ordering information 
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Table 5-1. Reference Designation Index (Contd) 


Reference 
ip Part No. 


08745-2028 
08745-0008 
25 1001005 

08745-00048 


08745-0018 
08745-0016 
08745-0013 
08745-00046 
08745-0017 


08745-2002 
5060-0222 
5060-0766 
2550-0016 
5000-0098 
2370-0020 


5000-0099 
5060-0767 
5000-0051 
08745-0009 
2370-0013 
6960-0002 


1490-0030 
5060-0775 


Description # 


Figure 5-1. Cabinet Parts 


REFER TO FIGURE 5-2 MODEL 8745A FRONT PANEL ASSY 
BRACE: TOP 

TORSCOVERRASSY 

SCREW: SST FEATS HD) PHEPDRY6=3:2 3x Syd" 

SUB-DECK 


FILLER#PLECESSLDESFRAME 

FILLER PLATE 

COVER: TOP REAR CORNER 

REAR PANELCUNITS EQUIPPED W/COAXIAL LINK) 
REAR PANELCUNITS NOT EQUIPPED W/COAXIAL LINK) 


FRAME ASSY 

HANDLE ASSY 

RETAINER: HANDLE ASSY 

SCREW: SST BH 8=32 X 5/16" 

REAR SIDE COVERCNON PERFORATED) 
SCREW. SS Eh PHESDREG= 5:2 aXe 5)/ lion 


FRONT SIDE COVERCPERFORATED) 

FOOT ASSY 

PLATE-FLUTED ALUMINUM 

BOTTOM COVER ASSY 

SCREW: SST FLAT HD: PHL DR 6-32. X°3/78" 
PLUG HOLE:0.5" DIA 


STAND: TILT 
KIT:RACK MOUNT 


# See introduction to this section for ordering information 


Model 8745A 


Model 8745A Section V 


Table 5-1. Reference Designation Index (Contd) 


Reference ar 
Designation @ Part No. Description # 


Figure 5-2. Front Panel Assy 


08745-2001 PANEL FRAME: TOP-BOTTOM 
08745-2020 TRIM: UPPER FRAME 
08745-2019 TRIM: LOWER FRAME 
0370-0766 END CAP: RIGHT 
0370-0767 PUSHBUTTON: SWITCH, GRAY 


0370-0802 LENS : PUSHBUTTON 
5000-6453 LABEL: PUSHBUTTONCB) 
5000-6452 LABEL: PUSHBUTTONCA) 
5000-6400 LABEL: PUSHBUTTONCS11) 
5000-6401 LABEL: PUSHBUTTONC(S12) 


5000-6402 LABEL: PUSHBUTTONCS21) 
5000-6403 LABEL: PUSHBUTTONCS 22) 
0370-0765 END CAP: LEFT 
6960-0010 PLUG HOLE:0.625"DIA 
5040-0204 BEZEL: COUNTER 
08745-00047 FRONT PANEL 


# See introduction to this section for ordering information 
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Section V Model 8745A 


Table 5-1. Reference Designation Index (Contd) 


Reference “e 
Designation @ Part No. Description # 


Figure 5-3. Line Stretcher Assy Parts 


0370-0149 
08740-2092 
08741-2004 
08742-2007 
3030-0060 


0510-0005 
08741-2024 
08741-6001 
3030-0022 
08741-2022 


0520-0003 
2190-0014 
1410-0169 
2520-0001 
2360-0004 


3050-0100 
08740-0005 
1430-0356 
5020-0392 
5020-0233 


3030-0001 
624B-59C-5 
1460-0019 
0510-0053 
1140-0008 


1140-0007 
1140-0009 
1480-0072 
1430-0035 
08740-2014 


08745-2025 
3030-0033 
08742-2008 


KNOB ASSEMBLY 
ADAPTER: SHAFT 
BEARING: PINION GEAR 
GEAR: PINION 
SCREWZSEU 62-56% 178 


RING: RETAINING 

DRIVE SHAFT 

LEAD SCREW ASSEMBLY 

SCREW:SET 6-32 X 1/8 

LEAD SCREW HOUSING AND BUSHING 


SCREW:RND HD 2-56 X 3/8 
LOCKWASHER: 2-56 

BEARING: BALL 0.250 ID X 0.625 OD 
SCREW:RND HD 8-32 X 1/4 
SCREW:RND HD 6-32 X 5/16 


WASHER: 6-32 X 3/8 
WASHER: SHIM CLUTCH 
GEAR: BEVEL 

WASHER: SPRING 
COLLAR: BRASS 


SCREW 2SEIs 8=35 22X03 r6 
BUSHING 

SPRING: COMPRESSION 
RING: GRIP 

END WHEEL 


NUMBER WHEEL 
UNIT WHEEL 
PIN 

GEAR: PINION 
SHAFT: IDLER 


THUMB WHEEL 
SCREWSSET 6-32 X 3/16 
SHAFT: COUNTER 


# See introduction to this section for ordering information 


Model 8745A Section V 


Table 5-1. Reference Designation Index (Contd) 


Reference on 
EEE: Description # 


be a 


Figure 5-4. REFERENCE and TEST Channel Output and Coaxial Link Connector Parts 


OD S00 05:5 NUT: CLAMP SST FORMU /SUS SHA rat 
08745-2021 CABLE: TERMINATOR 

2S) SO WS) NUT: HEX 5/8-24 THREAD 
2190-0493 WASHER: FLAT FOR 5/8" DIA SHAFT 
08741-2010 CENTER CONDUCTOR: TERMINATOR 
5040-0306 BEAD 

1250-0816 CONTACT: HOLDER 


08745-2047 CONNECTOR BODY: SST 


# See introduction to this section for ordering information 
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Section V 


OTS 0=01 19 


0150-0093 


ee ane 
0180-0369 


0180-2210 


0340-0092 
0370-0767 
0370-0802 
0380-0719 
0683-1055 
0683-3615 


0683-4735 
0698-0083 
0698-3136 
0698-3150 
0698-3154 
0698-3155 


0698-3156 
0698-3160 
0698-3449 
0757-0199 
0757-0200 


OF i- O27 8 
757-0279 
0757-0280 
0757-0438 
0757-0442 


0757-0458 
0757-0460 
0757-04562 
0757-0814 
0757-1078 


0758-0003 
0758-0004 
0758-0015 
0758-0034 
0758-0043 
0758-0063 


0764-0016 
0811-1666 
1200-0092 
1251-0085 
1251-0148 
LAS 0215 
1251-1886 
1251-2261 
1400-0084 
1853-0020 
1855-0027 


1854-0039 
1854-0071 
1854-0072 
1901-0044 
1901-0049 


1902-0041 
1902-0679 
1902~3:193 


Model 8745A 


Table 5-2. Replaceable Parts 


X 0.01 UF 20% 250WVAC 


CuBxXD (CER EZ 36C219A i 
C:FXD CER 0.01 UF +80-20% 100VDCW TA o 
C EXDD ELECT 97 (URaI Oa.) 35 VDCw 150D476X9035S2 1 
C:FXD ELECT 2800 UF +75-10% 60VDCW D39 823 1 
C:FXD ELECT 2 UF +50-10% 150VDCW 0180-2210 4 


INSULATOR: FEED-THRU Eyjab—2 1 
PUSHBUTTON: SWITCH, GRAY 0370-0767 1 
LENS : PUSHBUTTON 0370-0802 1 
STANDOFF: 8-32 TAP OBD 1 
R:FXD COMP 1 MEGOHM 5% 1/4W CBE LOS 2 
R:FXD COMP 360 OHM 5% 1/4W CBmsiOn> 1 


R:FXD COMP 47K OHM 5% 1/4W ; CB 4735 1 
R:FXD MET FLM 1.96K OHM 1% 1/8W * 0698-0083 1 
R:FXD MET FLM 17.8K OHM 1% 1/8W 0698-3136 i! 
R:FXD MET FLM 2.37K OHM 1% 1/8W 0698-3150 2 
R:FXD MET FLM 4.22K OHM 1% 1/8W 0698-3154 6 
R:FXD MET FLM 4.64K OHM 1% 1/8W 0698-3155 4 
R:FXD MET FLM 14.7K OHM 1% 1/8W 0698-3156 4 
R:FXD MET FLM 31.6K OHM 1% 1/8W 0698-3160 1 
R:FXD MET FLM 28.7K OHM 1% 1/8W 0698-3449 2 
R:FXD MET FLM 21.5K OHM 1% 1/8W OS 010 9}9 4 
ReRXDEMET BEM PS =.02K OHM alae l/.SW 0757-0200 i 


R:FXD MET FLM 1.78K OHM 1% 1/8W 0757-0278 1 
R:FXD MET FLM 3.16K OHM 1% 1/8W U7 57-0279 1 
R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 3 
RabxD MED SEEMS SK OMMy ht e17.8W 0757-0438 fe) 
R:FXD MET FLM 10K OHM 1% 1/8W 0757-0442 13 


R:FXD MET FLM 51.1K OHM 1% 1/8W 0757-0458 2 
R:FXD MET FLM 61.9K OHM 1% 1/8W 0757-0460 2 
R:FXD MET FLM 75.0K OHM 1% 1/8W 0757-0462 2 
Ra ADE MET REM SS LS OHM Ts 1/2 W 0757-0814 1 
R:FXD MET FLM 1.47K OHM 1% 1/2W 0757-1078 1 


R:FXD MET OX 1000 OHM 5% 1/2W 0758-0003 2 
R:FXD MET OX 2700 OHM 5% 1/2W 0758-0004 3 
R:FXD MET OX 220 OHM 5% 1/2W 0758-0015 6 
R:FXD MET OX 2400 OHM 5% 1/2W 0758-0034 2 
R:FXD MET OX 1800 OHM 5% 1/2W 0758-0043 2 
R:FXD MET OX 1600 OHM 5% 1/2W 0758-0063 1 


R:FXD MET FLM 1000 OHM 5% 2W 0764-0016 1 
R:FXD WW 1.0 OHM 5% 2W 0811-1666 1 
BUSHING: TRANSISTOR 495334 1 1 
CONNECTOR: FEMALE 36-PIN MINIATURE 1251-0085 1 
CONNECTOR: AC 3-PRONG MALE 1251-0138 1 
ECNNECTOR: PG WS Palin WS SO ss 1 
CONNECTOR: PC 30 CONTACTS WAS) Mes Lysis 1 
CONNECTOR: PC 15 PIN 250 =15-30-210 1 
FUSEHOLDER: EXTRACTOR POST TYPE 342014 1 
TRANSISTOR: SILICON PNP 1853-0020 5 
TRANSISTOR: SILICON PNP 1353-0027 4 


TRANSISTOR:SILICON 2N3053 2N3053 3 
TRANSISTOR: SILICON NPN 1854-0071 18 
TRANSISTOR: SILICON NPN 2N3054 2N3054 1 
DIODE: SILICON 20MA/1V 1901-0044 45 
DIODE: SILICON 50PIV 1901-0049 8 


DIODE BREAKDOWN:5.11V 5% 4OOMW 1902-0041 2 
DIODE BREAKDOWN: 17.4V 5% 1902-0679 4 
DIODE BREAKDOWN: 13.3V 5% USiO2—3,1359 1 


# See introduction to this section for ordering information 


Model 8745A Section V 


Table 5-2. Replaceable Parts (Contd) 


~1902-3290 DIODE BREAKDOWN:SILICON 31.6V 5% 1902-3290 
2110-0336 FUSE:CARTRIDGE 0.8 AMP 250V SLOW-BLOW MDL 8/10 
2110-0340 FUSE:CARTRIDGE 0.4 AMP SLOW BLOW MDL 4/10 
2140-0052 LAMP :GLOW AlH 
2140-0300 LAMP: INCANDESCENT 18V 0.04A 7370 


3101-1234 
3101-1248 
3106-0005 
500C-6400 
5000-6401 


5000-6402 
5000-6403 
5000-6452 
5000-6453 
5040-0273 


6960-0002 
6960-0010 
8120- 1348 
9100-2728 
08742-2022 


08745-0019 
08745-0037 
08745-0039 
08745-0040 
08745-0041 


08745-0042 
08745-0043 
08745-0044 
08745-2033 
08745-2034 


08745-2035 
08745-2036 


| 08745-2047 
08745-2054 
08745-2055 
08745-6001 
08745-6003 


08745-6009 
08745-6024 
08745-6053 


08745-6056 
08745-6057 
08745-6058 
08745-6102 
08745-6103 


SWITCH:SLIDE DPDT 
SWITCH:PUSHBUTTON SPDT 
SWITCH=SCOAXIAL SPDT 24V 
LABEL:PUSHBUTTON (S11) 
LABEL:PUSHBUTTON (S12) 


LABEL:sPUSHBUTTON (S21) 
LABEL:SPUSHBUTTON (S22) 
LABEL:PUSHBUTTON (A) 
LABEL:PUSHBUTTON (B) 
INSULATOR:RF CONNECTOR 


PLUG:HOLE FOR 1/2" DIA 
PLUG:HOLE FOR 5/8" DIA 
CABLE ASSY:POWER CORD 
TRANSFORMER: 24-4V 

PIN: FEMALE 


BRACKET: SUPPORT 
BRACKET: SUPPORT 
BRACKET SUPPORT 
SUPPORT BRACKET:REAR 
BAR:CLAMP ING 


BAR:CLAMP ING 
BRACKET:HEAT SINK (BLACK) 
BAR:CLAMP ING 

CABLE ASSY:A10 TO All 
CABLE ASSY:A9 TO All 


CABLE ASSY 
CABLE ASSY:A8 TO DC2 


TERMINATOR: HYBRID 
CLAMP EQUALIZER:REAR 
GUIDE: FRONT 
ASSY:LINE STRETCHER 
JUMPER WIRE: VIOLET 


DIRECTIONAL COUPLER (PAIR) 
ASSY:BiIAS FILTER 
ASSY:RELAY DRIVE 


ASSY:POWER SUPPLY 

ASSY: INTERCONNECT 
ASSY:S-PARAMETER SWITCH 
ASSY:RF SOURCE RELAY 
INPUT RF SOURCE RELAY 


11A-1242 


55—55'480-121/ ATH 


3106-0005 
5000-6400 
5000-6401 


5000-6402 
5000-6403 
5000-6452 
5000-6453 
5040-02 73 


S$S-48152 
SS-48172 
8120-1348 
9100-2728 
08742-2022 


08745-0019 
08745-0037 
08745-0039 
08745-0040 
08745-0041 


08745-0042 
08745-0043 
08745-0044 
08745-2033 
08745-2034 


08745-2035 
08745-2036 


08745-2047 
08745-2054 
08745-2055 
08745-6001 
08745-6003 


08745-6009 
08745-6024 
08745-6053 


08745-6056 
08745-6057 
08745-6058 
03745-6102 
OB 7AS-6105 


08745-20060 CABLE ASSY:A8 TO REAR .PANEL 08745-20060 
08745-20062 CABEERASS ic DEST OUTP TOA 08745-20062 
08745-20063 CABLE ASSY:REAR PANEL TO A6 08745-20063 
08745-20064 CABLE ASSY:REAR PANEL COAXIAL LINK 08745-20064 


# See introduction to this section for ordering information 
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Sect 


TABLE 5-3. 


CODE LIST OF MANUFACTURERS 


Model 8745A 


The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 
(Name to Code) and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the 
supplements used appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to 
suppliers not appearing in the H4 Handbooks. 


ion V 

Manufacturer Address 
U.S.A. Common Any supplier of U.S. 
McCoy Electronics Mount Holly Springs, Pa. 


00213 Sage Electronics Corp. Rochester, N.Y. 
00287 Cemco Inc. Danielson, Conn. 
00334 Humidial Colton, Calif. 
00348 Microtron Co., Inc. Valley Stream, N.Y. 
00373 Garlock Inc. Cherry Hill, N.J. 
00656 Aerovox Corp. New Bedford, Mass. 
00779 Amp. Inc. Harrisburg, Pa. 
00781 Aircraft Radio Corp. Boonton, N.J. 
00809 Croven Ltd. Whitby, Ontario Canada 
00815 Northern Engineering Laboratories, Inc. 
Burlington, Wis. 
00853 Sangamo Electric Co., Pickens Div. 
Pickens, S.C. 
00866 Goe Engineering Co. City of Industry, Cal. 
00891 Carl E. Holmes Corp. Los Angeles, Calif. 
00929 Microlab Inc. Livingston, N.J. 
01002 General Electric Co., Capacitor Dept. 
Hudson Falls, N.Y. 
01009 Alden Products Co. Brockton, Mass. 
01121 Allen Bradley Co. Milwaukee, Wis. 
01255 Litton Industries, Inc. Beverly Hills, Calif. 
01281 TRW Semiconductors, Inc. Lawndale, Calif. 
01295 Texas Instruments, Inc. , 
Transistor Products Div. Dallas, Texas 
01349 The Alliance Mfg. Co. Alliance, Ohio 
01538 Small Parts Inc. Los Angeles, Calif. 
01589 Pacific Relays, Inc. Van Nuys, Calif. 
01670 Gudebrod Bros. Silk Co. New York, N.Y. 
01930 Amerock Corp. Rockford, III. 
01961 Pulse Engineering Co. Santa Clara, Calif. 
02114 Ferroxcube Corp. of America Saugerties, N.Y. 
02116 Wheelock Signals, Inc. Long Branch, N.J. 
02286 Cole Rubber and Plastics Inc. Sunnyvale, Calif. 
02660 Amphenol-Borg Electronics Corp. Broadview, Ill. 
02735 Radio Corp. of America, Semiconductor 
and Materials Div. Somerville, N.J. 
02771 Vocaline Co. of America, Inc. 
Old Saybrook, Conn. 
02777 Hopkins Engineering Co. San Fernando, Calif. 
02875 Hudson Tool & Die Co. Newark, N.J. 
03508 G.E. Semiconductor Prod. Dept. Syracuse, N.Y. 
03705 Apex Machine & Tool Co. Dayton, Ohio 
03797 Eldema Corp. Compton, Calif. 
03818 Parker Seal Co. Los Angeles, Calif. 
03877 Transitron Electric Corp. Wakefield, Mass. 
03888 Pyrofilm Resistor Co., Inc. Cedar Knolls, N.J. 
03954 Singer Co., Diehl Div. 
Finderne Plant Sumerville, N.J. 
04009 Arrow, Hart and Hegeman Elect. Co. 
Hartford, Conn. 
04013 Taurus Corp. Lambertville, N.J. 
04062 Arco Electronic Inc. Great Neck, N.Y. 
04217 Essex Wire Los Angeles, Calif. 
04222 Hi-Q Division of Aerovox Myrtle Beach, S.C. 
04354 Precision Paper Tube Co. Wheeling, lil. 
04404 Dymec Division of Hewlett-Packard Co. 
Palo Alto, Calif. 
04651 Sylvania Electric Products, Microwave 
Device Div. Mountain View, Calif. 
04673 Dakota Engr. Inc. Culver City, Calif. 
04713 Motorola, Inc., Semiconductor Prod. Div. 
Phoenix, Arizona 
04732 Filtron Co., Inc. Western Div. 
Culver City, Calif. 
04773 Automatic Electric Co. Northlake, III. 
04796 Sequoia Wire Co. Redwood City, Calif. 
04811 Precision Coil Spring Co. El Monte, Calif. 
04870 P.M. Motor Company Westchester, Ill. 
04919 Component Mfg. Service Co. 
W. Bridgewater, Mass. 
05006 Twentieth Century Plastics, Inc. 
Los Angeles, Calif. 
00015-48 
Revised: October, 1969 
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Code 
No. 


05245 
05277 


05347 
05397 


05574 
05593 
05616 


05624 
05728 


05729 
05783 
05820 
06004 


06090 
06175 
06402 
06540 


06555 


06666 
06751 
06812 


06980 
07088 
07126 
07137 
07138 


07149 
07233 
07256 
07261 
07263 


07322 
07387 
07397 


07700 
07829 
07910 
07933 


07980 


08145 
08289 
08358 


08524 
08664 
08717 
08718 


08727 
08792 
08806 
08984 


09026 
09134 


Address 


Manufacturer 


Components Corp. 

Westinghouse Electric Corp. 
Semi-Conductor Dept. 

Ultronix, inc. 

Union Carbide Corp., Elect. Div. 
New York, N.Y. 

Canoga.Park, Calif. 
Sunnyvale, Calif. 


Chicago, Ill. 


Youngwood, Pa. 
San Mateo, Calif. 


Viking Ind. Inc. 
Icore Electro-Plastics Inc. 
Cosmo Plastic 

(c/o Electrical Spec. Co.) 
Barber Colman Co. 
Tiffen Optical Co. 
Roslyn Heights, Long Island, N.Y. 

Westbury, N.Y. 


Cleveland, Ohio 
Rockford, Ill. 


Metro-Tel Corp. 
Stewart Engineering Co. Santa Cruz, Calif. 
Wakefield Engineering Inc. Wakefield, Mass. 
Bassick Co., Div. of Stewart Warner Corp. 

Bridgeport, Conn. 
Redwood City, Calif. 
Bausch and Lomb Optical Co. Rochester, N.Y. 
E.T.A. Products Co. of America Chicago, Ill. 

Amatom Electronic Hardware Co., Inc. 
New Rochelle, N.Y. 

Beede Electrical Instrument Co., Inc. 
Penacook, N.H. 
Indianapolis, Ind. 
Phoenix, Ariz. 


Raychem Corp. 


General Devices Co., Inc. 
Components Inc., Ariz. Div. 
Torrington Mfg. Co., West Div. 
Van Nuys, Calif. 
San Carlos, Calif. 
Van Nuys, Calif. 
Pasadena, Calif. 
Minneapolis, Minn. 


Varian Assoc. Eimac Div. 
Kelvin Electric Co. 
Digitran Co. 

Transistor Electronics Corp. 
Westinghouse Electric Corp. 

Electronic Tube Div. 
Filmohm Corp. 
Cinch-Graphik Co. 

Silicon Transistor Corp. 
Avnet Corp. 
Fairchild Camera & Inst. Corp. 

Semiconductor Div. Mountain View, Calif. 
Minnesota Rubber Co. Minneapolis, Minn. 
Birtcher Corp., The Monterey Park, Calif. 
Sylvania Elect. Prod. Inc., Mt. View Operations 
Mountain View, Calif. 

Cranford, N.J. 
Chicago, Ill. 
Hawthorne, Calif. 


Elmira, N.Y. 

New York, N.Y. 

City of Industry, Calif. 
Carle Place, N.Y. 
Culver City, Calif. 


Technical Wire Products Inc. 
Bodine Elect. Co. 
Continental Device Corp. 
Raytheon Mfg. Co., 
Semiconductor Div. Mountain View, Calif. 
Hewlett-Packard Co., Boonton Radio Div. 
Rockaway, N.J. 
Los Angeles, Calif. 
Pomona, Calif. 


U.S. Engineering Co. 
Blinn, Delbert Co. 
Burgess Battery Co. 
Niagara Falls, Ontario, Canada 
Deutsch Fastener Corp. Los Angeles, Calif. 
Bristol Co., The Waterbury, Conn. 
Sloan Company Sun Valley, Calif. 
ITT Cannon Electric Inc., Phoenix Div. 
Phoenix, Arizona 
National Radio Lab. Inc. Paramus, N.J. 
CBS Electronics Semiconductor 
Operations, Div of C.B.S. Inc. 
Lowell, Mass. 
Miniat. Lamp Dept. 
Cleveland, Ohio 
Indianapolis, Ind. 
Costa Mesa, Calif. 
Houston, Texas 


General Electric Co. 


Mel-Rain 
Babcock Relays Div. 
Texas Capacitor Co. 


Code 
No. 


09145 
09250 
09353 
09569 


09922 
10214 


10411 
10646 
11236 
11237 


11242 
11312 
11314 
11453 
11534 
11711 


11717 
11870 
12040 
12136 
12361 
12574 


12697 
12728 
12859 
12881 
12930 
12954 
13019 
13103 
13396 
13835 


14099 
14193 
14298 
14433 


14493 
14655 
14674 
14752 
14960 
15106 
15203 
15287 
15291 
15558 


15566 
15631 
15772 


15801 
15818 
16037 
16179 
16352 
16585 
16688 


16758 
17109 
17474 
17554 
17675 
17745 
17856 


From: 


Address 


Manufacturer 


Tech. Ind. Inc. Atohm Elect. 

Electro Assemblies, Inc. 

C & K Components Inc. 

Mallory Battery Co. of 

Canada, Ltd. 

Burndy Corp. 

General Transistor Western Corp. 

Los Angeles, Calif. 
Berkeley, Calif. 

Niagara Falls, N.Y. 

Berne, Ind. 


Burbank, Calif. 
Chicago, Ill. 
Newton, Mass. 


Toronto, Ontario, Canada 
Norwalk, Conn. 


Ti-Tal, Inc. 
Carborundum Co. 
CTS of Berne, Inc. 
Chicago Telephone of California, Inc. 
So. Pasadena, Calif. 

Waltham, Mass. 
Palo Alto, Calif. 
Downey, Calif. 
Precision Connector Corp. Jamaica, N.Y. 
Duncan Electronics Inc. Costa Mesa, Calif. 
General Instrument Corp., Semiconductor 


Bay State Electronics Corp. 
Teledyne Inc., Microwave Div. 
National Seal 


Div., Products Group Newark, N.J. 
Imperial Electronic, Inc. Buena Park, Calif. 
Melabs, Inc. Palo Alto, Calif. 
National Semiconductor Danbury, Conn. 
Philadelphia Handle Co. Camden, N.J. 


Grove Mfg. Co., Inc. 
Gulton Ind. Inc. Data System Div. 
Albuquerque, N.M. 
Dover, N.H. 
W. Haven, Conn. 
Tokyo, Japan 
Clark, N.J. 
Newport Beach, Calif. 
Scottsdale, Arizona 
Witchita, Kansas 


Shady Grove, Pa. 


Clarostat Mfg. Co. 
Elmar Filter Corp. 
Nippon Electric Co., Ltd. 
Metex Electronics Corp. 
Delta Semiconductor Inc. 
Dickson Electronics Corp. 
Airco Supply Co., Inc. 
Thermolloy Dallas, Texas 
Telefunken (GmbH) Hanover, Germany 
Midland-Wright Div. of Pacific Industries, Inc. 
Kansas City, Kansas 
Newbury Park, Calif. 
Calif. Resistor Corp. Santa Monica, Calif. 
American Components, Inc. Conshohocken, Pa. 
ITT Semiconductor, A Div. of Int. Telephone 
& Telegraph Corp. West Palm Beach, Fla. 
Hewlett-Packard Company Coveland, Colo. 
Cornell Dublier Electric Corp. Newark, N.J. 
Corning Glass Works Corning, N.Y. 
Electro Cube Inc. San Gabriel, Calif. 
Williams Mfg. Co. San Jose, Calif. 
The Sphere Co., Inc. Little Falls, N.J. 
Webster Electronics Co. New York, N.Y. 
Scionics Corp. Northridge, Calif. 
Adjustable Bushing Co. N. Hollywood, Calif. 
Micron Electronics 
Garden City, Long Island, N.Y. 
Amprobe Inst. Corp. Lynbrook, N.Y. 
Cabletronics Costa Mesa, Calif. 
Twentieth Century Coil Spring Co. 
Santa Clara, Calif. 
Framingham, Mass. 
Mt. View, Calif. 
Spruce Pine, N.C. 
Farmington, Mich. 
Lodi, N.J. 
Pasadena, Calif. 


Sem-Tech 


Fenwal Elect. Inc. 
Amelco Inc. 
Spruce Pine Mica Co. 
Omni-Spectra Inc. 
Computer Diode Corp. 
Boots Aircraft Nut Corp. 
Ideal Prec. Meter Co., Inc. 
De Jur Meter Div. Brooklyn, N.Y. 
Delco Radio Div. of G.M. Corp. Kokoma, Ind. 
Thermonetics Inc. Canoga Park, Calif. 
Tranex Company Mountain View, Calif. 
Components Inc. Biddeford, Ma. 
Hamlin Metal Products Corp. Akron, Ohio 
Angstrohm Prec. Inc. No. Hollywood, Calif. 
Siliconix Inc. 
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TABLE 5-3. 


CODE LIST OF MANUFACTURERS (Continued) 


Code 
No. Manufacturer Address 
17870 McGraw-Edison Co. Manchester, N.H. 
18042 Power Design Pacific Inc. Palo Alto, Calif. 
18083 Clevite Corp., Semiconductor Div. 
Palo Alto, Calif. 
18324 Signetics Corp. Sunnyvale, Calif. 
18476 Ty-Car Mfg. Co., Inc. Holliston, Mass. 
18486 TRW Elect. Comp. Div. Des Plaines, Ill. 
18583 Curtis Instrument, Inc. Mt. Kisco, N.Y. 
18612 Vishay Instruments Inc. Malvern, Pa. 
18873 E.1]. DuPont and Co., Inc. Wilmington, Del. 
18911 Durant Mfg. Co. Milwaukee, Wis. 
19315 The Bendix Corp., Navigation & Control Div. 
Teterboro, N.J. 
19500 Thomas A. Edison Industries, Div. of 
McGraw-Edison Co. West Orange, N.J. 
19589 Concoa Baldwin Park, Calif. 
19644 LRC Electronics Horseheads, N.Y. 
19701 Electra Mfg. Co. Independence, Kansas 
20183 General Atronics Corp. Philadelphia, Pa. 
21226 Executone, Inc. Long Island City, N.Y. 
21335 Fafnir Bearing Co., The New Britain, Conn. 
21520 Fansteel Metallurgical Corp. N. Chicago, Ill. 
23042 Texscan Corp. Indianapolis, Ind. 
23783 British Radio Electronics Ltd. Washington, D.C. 
24455 G.E. Lamp Division 
Nela Park, Cleveland, Ohio 
24655 General Radio Co. West Concord, Mass. 
24681 Memcor Inc., Comp. Div. Huntington, Ind. 
24796 Parelco Inc. San Juan Capistrano, Calif. 
26365 Gries Reproducer Corp. New Rochelle, N.Y. 
26462 Grobet File Co. of America, Inc. 
Carlstadt, N.J. 
26851 Compac/Hollister Co. Hollister, Calif. 
26992 Hamilton Watch Co. Lancaster, Pa. 
27251 Specialities Mfg. Co., Inc. Stratford, Conn. 
28480 Hewlett-Packard Co. Palo Alto, Calif. 
28520 Heyman Mfg. Co. Kenilworth, N.J. 
30817 Instrument Specialties Co., Inc. 
Little Falls, N.J. 
33173 G.E. Receiving Tube Dept. Owensboro, Ky. 
35434 Lectrohm Inc. Chicago, Ill. 
36196 Stanwyck Coil Products Ltd. 
Hawkesbury, Ontario, Canada 
36287 Cunningham, W.H. & Hill, Ltd. 
Toronto Ontariqg: Canada 
37942 P.R. Mallory & Co. Inc. Indianapolis, ind. 
39543 Mechanical Industries Prod. Co. Akron, Ohio 
40920 Miniature Precision Bearings, Inc. Keene, N.H. 
42190 Muter Co. Chicago, JI. 
43990 C.A. Norgren Co. Englewood, Colo. 
44655 Ohmite Mfg. Co. Skokie, Ill. 
46384 Penn Eng. & Mfg. Corp. Doylestown, Pa. 
47904 Polaroid Corp. Cambridge, Mass. 
48620 Precision Thermometer & Inst. Co. 
Southampton, Pa. 
49956 Microwave & Power Tube Div. Waltham, Mass. 
52090 Rowan Controller Co. Westminster, Md. 
52983 Sanborn Company Waltham, Mass. 
54294 Shallcross Mfg. Co. Selma, N.C. 
55026 Simpson Electric Co. Chicago, Ill. 
55933 Sonotone Corp. Elmsford, N.Y. 
55938 Raytheon Co. Commercial Apparatus & 
Systems Div. So. Norwalk, Conn. 
56137 Spaulding Fibre Co., Inc. Tonawanda, N.Y. 
56289 Sprague Electric Co. North Adams, Mass. 
59446 Telex Corp. Tulsa, Okla. 
59730 Thomas & Betts Co. Elizabeth, N.J. 
60741 Triplett Electrical Inst. Co. Bluffton, Ohio 
61775 Union Switch and Signal, Div. of 
Westinghouse Air Brake Co. Pittsburgh, Pa. 
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Code 
No. 


62119 
63743 
64959 
65092 
66295 
66346 


70276 
70309 
70318 


70417 
70485 
70563 
70674 
70903 
70998 
71002 
71034 
71041 


71218 
71279 
71286 
71313 


71400 


71436 
71447 
71450 
71468 
71471 
71482 
71590 


71616 
71700 
71707 
71744 
71785 


71984 
72136 
72619 
72656 


72699 
72765 
72825 
72928 
72962 
72964 
72982 
73061 
73076 
73138 


73293 


73445 
73506 
73559 
73586 
73682 


73734 
Fig ay 
73/93 
73846 


Address 


Manufacturer 


Universal Electric Co. 
Ward-Leonard Electric Co. 


Owosso, Mich. 
Mt. Vernon, N.Y. 


Western Electric Co., Inc. New York, N.Y. 
Weston Inst. Inc. Weston-Newark Newark, N.J. 
Wittek Mfg. Co. Chicago, III. 


Minnesota Mining & Mfg. Co. Revere Mincom Div. 


St. Paul, Minn. 
Allen Mfg. Co. Hartford, Conn. 
Allied Control New York, N.Y. 
Allmetal Screw Product Co., Inc. 


Garden City, N.Y. 


Amplex, Div. of Chrysler Corp. Detroit, Mich. 
Atlantic India Rubber Works, Inc. Chicago, Ill. 
Amperite Co., Inc. Union City, N.J. 
ADC Products Inc. Minneapolis, Minn. 
Belden Mfg. Co. Chicago, Ill. 
Bird Electronic Corp. Cleveland, Ohio 
Birnbach Radio Co. New York, N.Y. 
Bliley Electric Co., Inc. Erie, Pa. 


Boston Gear Works Div. of Murray Co. 

of Texas Quincy, Mass. 
Bud Radio, Inc. Willoughby, Ohio 
Cambridge Thermionics Corp. Cambridge, Mass. 
Camloc Fastener Corp. Paramus, N.J. 
Cardwell Condenser Corp. 

Lindenhurst L.1., N.Y. 

Bussmann Mfg. Div. of McGraw-Edison Co. 


St. Louis, Mo. 
Chicago Condenser Corp. Chicago, Ill. 
Calif. Spring Co., Inc. Pico-Rivera, Calif. 
CTS Corp. Elkhart, Ind. 


ITT Cannon Electric Inc. 
Cinema, Div. Aerovox Corp. 
CaP. Clare & Co. 
Centralab Div. of Globe Union Inc. 

Milwaukee, Wis. 


Los Angeles, Calif. 
Burbank, Calif. 
Chicago, Ill. 


Commercial Plastics Co. Chicago, Ill. 
Cornish Wire Co., The New York, N.Y. 
Coto Coil Co., Inc. Providence, R. |. 
Chicago Miniature Lamp Works Chicago, Ill. 


Cinch Mfg. Co., Howard B. Jones Div. 


Chicago, Ill. 
Dow Corning Corp. Midland, Mich. 
Electro Motive Mfg. Co., Inc. Willimantic, Conn. 
Dialight Corp. Brooklyn, N.Y. 
Indiana General Corp., Electronics Div. 

Keasby, N.J. 
General Instrument Corp., Cap. Div. Newark, N.J. 


Drake Mfg. Co. 
Hugh H. Eby Inc. 


Harwood Heights, III. 
Philadelphia, Pa. 


Gudeman Co. Chicago, Ill. 
Elastic Stop Nut Corp. Union, N.J. 
Robert M. Hadley Co. Los Angeles, Calif. 
Erie Technological Products, Inc. Erie, Pa. 
Hansen Mfg. Co., Inc. Princeton, Ind. 
H.M. Harper Co. Chicago, Ill. 


Helipot Div. of Beckman Inst., Inc. 
Fullerton, Calif. 
Hughes Products Division of Hughes 
Aircraft Co. Newport Beach, Calif. 
Amperex Elect Co. Hicksville, L.l., N.Y. 
Bradley Semiconductor Corp. New Haven, Conn. 
Carling Electric, Inc. Hartford, Conn. 
Circle F Mfg. Co. Trenton, N.J. 
George K. Garrett Co., Div. MSL 
Industries Inc. Philadelphia, Pa. 


Federal Screw Products Inc. Chicago, Ill. 
Fischer Special Mfg. Co. Cincinnati, Ohio 
General Industries Co., The Elyria, Ohio 
Goshen Stamping & Tool Co. Goshen, Ind. 


Code 
No. 


73899 
73905 
73957 
74276 
74455 
74861 
74868 


74970 
75042 
75263 
75378 
73382 
75818 
75915 
76005 
76210 
76433 


76487 
76493 
76530 


76545 
76703 
76854 
77068 


77075 
77221 


77252 
77342 


77630 
77638 


77764 
77969 
78189 


78277 
78283 
78290 
78424 
78452 
78471 
78488 
78493 
78553 
78790 
78947 
79136 
79142 
79251 
79727 


79963 
80031 


80033 
80120 
80131 


80207 
80223 
80248 


80294 
80411 


From: 


Section V 
Manufacturer Address 
JFD Electronics Corp. Brooklyn, N.Y. 
Jennings Radio Mfg. Corp. San Jose, Calif. 
Groov-Pin Corp. Ridgefield, N.J. 
Signalite Inc. Neptune, N.J. 
J.H. Winns, and Sons Winchester, Mass. 
Industrial Condenser Corp. Chicago, Ill. 


R.F. Products Division of Amphenol-Borg 
Electronics Corp. Danbury, Conn. 
E.F. Johnson Co. Waseca, Minn. 
International Resistance Co. Philadelphia, Pa. 
Keystone Carbon Co., Inc. St. Marys, Pa. 
CTS Knights Inc. Sandwich, Ill. 


Kulka Electric Corporation Mt. Vernon, N.Y. 
Lenz Electric Mfg. Co. Chicago, Ill. 
Littlefuse, Inc. Des Plaines, Ill. 
Lord Mfg. Co. Erie, Pa. 
C.W. Marwedel San Francisco, Calif. 
General Instrument Corp. , Micamold Division 
Newark, N.J. 
James Millen Mfg. Co., Inc. Malden, Mass. 


J.W. Miller Co. Los Angeles, Calif. 
Cinch-Monadnock, Div. of United Carr 
Fastener Corp. San Leandro, Calif. 
Mueller Electric Co. Cleveland, Ohio 
National Union Newark, N.J. 
Oak Manufacturing Co. Crystal Lake, III. 
The Bendix Corp., Electrodynamics Div. 
N. Hollywood, Calif. 
Pacific Metals Co. San Francisco, Calif. 
Phanostran Instrument and Electronic Co. 
South Pasadena, Calif. 
Philadelphia Steel and Wire Corp. 
Philadelphia, Pa. 
American Machine & Foundry Co. Potter 
& Brumfield Div. Princeton, Ind. 
TRW Electronic Components Div. Camden, N.J. 
General Instrument Corp., Rectifier Div. 
Brooklyn, N.Y. 
Resistance Products Co. Harrisburg, Pa. 
Rubbercraft Corp. of Calif. Torrance, Calif. 
Shakeproof Division of Illinois Tool Works 


Elgin, Ill. 
Sigma So. Braintree, Mass. 
Signal Indicator Corp. New York, N.Y. 
Struthers-Dunn Inc. Pitman, N.J. 
Speciality Leather Prod. Co. Newark, N.J. 
Thompson-Bremer & Co. Chicago, Ill. 
Tilley Mfg. Co. San Francisco, Calif. 
Stackpole Carbon Co. St. Marys, Pa. 


Standard Thomson Corp. 
Tinnerman Products, Inc. 
Transformer Engineers 
Ucinite Co. 
Waldes Kohinoor Inc. 
Veeder Root, Inc. 
Wenco Mfg. Co. 
Continental-Wirt Electronics Corp. 

Philadelphia, Pa. 
Zierick Mfg. Corp. New Rochelle, N.Y. 
Mepco Division of Sessions Clock Co. 

Morristown, N.J. 


Waltham, Mass. 
Cleveland, Ohio 

San Gabriel, Calif. 
Newtonville, Mass. 
Long Island City, N.Y. 
Hartford, Conn. 
Chicago, Ill. 


Prestole Corp. Toledo, Ohio 
Schnitzer Alloy Products Co. Elizabeth, N.J. 
Electronic Industries Association. Any brand 


Tube meeting EIA Standards-Washington, DC. 
Unimax Switch, Div. Maxon Electronics Corp. 
Wallingford, Conn. 
United Transformer Corp. New York, N.Y. 
Oxford Electric Corp. Chicago, Ill. 
Bourns Inc. Riverside, Calif. 
Acro Div. of Robertshaw Controls Co. 
Columbus, Ohio 
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TABLE 5-3. 


CODE LIST OF MANUFACTURERS (Continued) 


Section V 

Code 

No. Manufacturer Address 
80486 All Star Products Inc. Defiance, Ohio 


00015- 


Avery Label Co. Monrovia, Calif. 


Hammarlund Co., Inc. Mars Hill, N.C. 
Stevens, Arnold, Co., Inc. Boston, Mass. 
Dimco Gray Co. Dayton, Ohio 
International Instruments Inc. Orange, Conn. 
Grayhill Co. LaGrange, Ill. 
Triad Transformer Corp. Venice, Calif. 


Winchester Elec. Div. Litton Ind., Inc. 

Oakville, Conn. 
Military’. Specification = "= eter fee 
International Rectifier Corp. El Segundo, Calif. 
Airpax Electronics, Inc. Cambridge, Maryland 
Barry Controls, Div. Barry Wright Corp. 

Watertown, Mass. 


Carter Precision Electric Co. Skokie, Ill. 
Sperti Faraday Inc., Copper Hewitt 
Electric Div. Hoboken, N.J. 


Electric Regulator Corp. Norwalk, Conn. 
Jeffers Electronics Division of Speer 


Carbon Co. Du Bois, Pa. 
Fairchild Camera & Inst. Corp. Space & Defense 
System Div. Paramus, N.J. 


Maguire Industries, Inc. Greenwich, Conn. 
Sylvania Electric Prod. Inc. 

Electronic Tube Division Emporium, Pa. 
Astron Corp. East Newark, Harrison, N,J, 
Switchcraft, Inc. Chicago, III. 
Metals & Controls Inc. Spencer Products 

Attleboro, Mass. 


Phillips-Advance Control Co. Joliet, Ill. 
Research Products Corp. Madison, Wis. 
Rotron Mfg. Co., Inc. Woodstock, N.Y. 
Vector Electronic Co. Glendale, Calif. 


Hartwell Corp. Los Angeles, Calif. 
Carr Fastener Co. Cambridge, Mass. 
New Hampshire Ball Bearing, Inc. 
Peterborough, N.H. 
General Instrument Corp., Capacitor Div. 
Darlington, S.C. 
Los Angeles, Calif. 
Springfield, N.J. 


ITT Wire and Cable Div. 
Victory Eng. Corp. 


Bendix Corp., Red Bank Div. Red Bank, N.J. 
Hubbell Corp. Mundelein, III. 
Rosan Inc. Newport Beach, Calif. 
Smith, Herman H., Inc. Brooklyn, N.Y. 
Tech Labs Palisade’s Park, N.J. 
Central Screw Co. Chicago, Ill. 


Gavitt Wire and Cable Co. 
Div. of Amerace Corp. Brookfield, Mass. 
Burroughs Corp. Electronic Tube Div. 


Plainfield, N.J. 
Union Carbide Corp. Consumer Prod. Div. 

New York, N.Y. 
Model Eng. and Mfg., Inc. Huntington, Ind. 
Loyd Scruggs Co. Festus, Mo. 
Aeronautical Inst. & Radio Co. Lodi, N.J. 


Arco Electronics Inc. 
A.J. Glesener Co., Inc. 


Great Neck, N.Y. 
San Francisco, Calif. 


TRW Capacitor Div. Ogallala, Neb. 
Sarkes Tarzian, Inc. Bloomington, Ind. 
Boonton Molding Company Boonton, N.J. 


A.B. Boyd Co. 
R.M. Bracamonte & Co. 
Koiled Kords, Inc. 
Seamless Rubber Co. Chicago, Ill. 
Fafnir Bearing Co. Los Angeles, Calif. 
Clifton Precision Products Co., Inc. 

Clifton Heights, Pa. 
Precision Rubber Products Corp. Dayton, Ohio 


San Francisco, Calif. 
San Francisco, Calif. 
Hamden, Conn. 


48 


Revised: October, 1969 


5-16 


Code 
No. 


86684 


86928 
87034 
87216 


87473 


87664 
87930 
88140 
88220 
88698 
89231 
89473 
89665 
90030 
90179 


90763 
90970 
91146 
91260 
91345 
91418 
91506 
91637 
91662 
91737 
91827 
91886 
91929 


91961 
92180 
92367 
92607 


92702 
92966 
93332 


93369 
93410 


93632 
93929 
94137 
94142 
94144 


94148 


94154 
94197 


94222 
94330 
94375 
94682 


94696 
95023 


95236 
95238 
95263 
95265 
95275 
95348 
95354 


Manufacturer Address 
Radio Corp. of America, Electronic 

Comp. & Devices Div. Harrison, N.J. 
Seastrom Mfg. Co. Glendale, Calif. 
Marco Industries Anaheim, Calif. 


Philco Corporation (Lansdale Division) 
Lansdale, Pa. 
Western Fibrous Glass Products Co. _- 
San Francisco, Calif. 
San Francisco, Calif. 
Providence, R.1. 


Van Waters & Rogers Inc. 
Tower Mfg. Corp. 


Cutler-Hammer, Inc. Lincoln, Ill. 
Gould-National Batteries, Inc. St. Paul, Minn. 
General Mills, Inc. Buffalo, N.Y. 
Graybar Electric Co. Oakland, Calif. 
G.E. Distributing Corp. Schenectady, N.Y. 
United Transformer Co. Chicago, Ill. 


United Shoe Machinery Corp. Beverly, Mass. 
US Rubber Co., Consumer Ind. & Plastics 

Prod. Div. Passaic, N.J. 
United Carr Fastener Corp. Chicago, Ill. 
Bearing Engineering Co. San Francisco, Calif. 
ITT Cannon Elect, Inc., Salem Div. Salem, Mass. 
Connor Spring Mfg. Co. San Francisco, Calif. 


Miller Dial & Nameplate Co. El Monte, Calif. 
Radio Materials Co. Chicago, Ill. 
Augat Inc. Attleboro, Mass. 


Dale Electronics, Inc. Columbus, Nebr. 
Elco Corp. Willow Grove, Pa. 
Gremar Mfg. Co., Inc. Wakefield, Mass. 


K F Development Co. Redwood City, Calif. 


Malco Mfg. Co., inc. Chicago, |Il. 
Honeywell Inc., Micro Switch Div. 

Freeport, Ill. 
Nahm-Bros. Spring Co. Oakland, Calif. 


Tru-Connector Corp. 
Elgeet Optical Co. Inc. 
Tensolite Insulated Wire Co., Inc. 
Tarrytown, N.Y. 
Wesbury Long Island, N.Y. 
Kearney, N.J. 


Peabody, Mass. 
Rochester, N.Y. 


IMC Magnetics Corp. 
Hudson Lamp Co. 
Sylvania Electric Prod. Inc. 

Semiconductor Div. Woburn, Mass. 
Robbins & Myers Inc. Palisades Park, N.J. 
Stemco Controls, Div. of Essex Wire Corp. 

Mansfield, Ohio 
Culver City, Calif. 

Livingston, N.J. 


Waters Mfg. Co. 
G.V. Controls 


General Cable Corp. Bayonne, N.J. 
Phelps Dodge Yonkers, N.Y. 
Raytheon Co., Comp. Div., Ind. 

Comp. Operations Quincy, Mass. 


Scientific Electronics Products, Inc. 
Loveland, Colo. 
Wagner Elect. Corp., Tung-Sol Div. Newark, N.J. 
Curtiss-Wright Corp. Electronics Div. 
East Paterson, N.J. 


South Chester Corp. Chester, Pa. 
Wire Cloth Products, Inc. Bellwood, Ill. 
Automatic Metal Products Co. Brooklyn, N.Y. 


Worcester Pressed Aluminum Corp. 

Worcester, Mass. 
Magnecraft Electric Co. Chicago, Ill. 

George A. Philbrick Researchers, Inc. 
Boston, Mass. 
Dania, Fla. 
Woodside, N.Y. 
Long Island, N.Y. 
Sheridan, Wyo. 
Bridgeport, Conn. 
Bloomfield, N.J. 
Rolling Meadows, III. 


Allies Products Corp. , 
Continental Connector Corp. 
Leecraft Mfg. Co., Inc. 
National Coil Co. 

Vitramon, Inc. 

Gordos Corp. 

Methode Mfg. Co. 


Code 
No. 


95566 
95712 
95984 
95987 
96067 
96095 
96256 
96296 
96306 


96330 
96341 
96501 
96508 
96733 


96881 
97464 
97539 
97979 
97983 


98141 
98159 
98220 


98278 
98291 
98376 
98410 
98731 


98734 


98821 
98978 


99109 
99313 
99378 
99515 
99707 


99800 
99848 
99928 
99934 
99942 


99957 


Model 8745A 


Manufacturer Address 
Arnold Engineering Co. Marengo, Il. 
Dage Electric Co., Inc. Franklin, Ind. 
Siemon Mfg. Co. Wayne, III. 
Weckesser Co. Chicago, Ill. 
Microwave Assoc., West Inc. Sunnyvale, Calif. 
Hi-Q Div. of Aerovox Corp. Olean, N.Y. 
Thordarson-Meissner Inc. Mt. Carmel, Ih. 


Solar Manufacturing Co. Los Angeles, Calif. 
Microswitch, Div. of Minn. -Honeywell 
Freeport, Ill. 
Chicago, Ill. 
Burlington, Mass. 
Oakland, Calif. 
Orchard Park, N.Y. 


Carlton Screw Co. 

Microwave Associates, Inc. 

Excel Transformer Co. 

Xcelite Inc. 

San Fernando Elect. Mfg. Co. 

San Fernando, Calif. 
Long Is., N.Y. 
Irvington, N.J. 

Englewood, N.J. 

Yonkers, N.Y. 


Thomson Ind. Inc. 
Industrial Retaining Ring Co. 
Automatic & Precision Mfg. 
Reon Resistor Corp. 
Litton System Inc., Adler-Westrex 

Commun. Div. New Rochelle, N.Y. 
R-Troncis, Inc. Jamaica, N.Y. 
Rubber Teck, Inc. Gardena, Caiif. 
Hewlett-Packard Co., Moseley Div. 

Pasadena, Calif. 


Microdot, Inc. So. Pasadena, Calif. 
Sealectro Corp. Mamaroneck, N.Y. 
Zero Mfg. Co. Burbank, Calif. 
Etc Inc. Cleveland, Ohio 


General Mills Inc., Electronics Div. 
Minneapolis, Minn. 

Paeco Div. of Hewlett-Packard Co. 
Palo Alto, Calif. 
North Hills Electronics, Inc. Glen Cove, N.Y. 

International Electronic Research Corp. 

Burbank, Calif. 
New York, N.Y. 
Palo Alto, Calif. 


Columbia Technical Corp. 
Varian Associates 
Atlee Corp. Winchester, Mass. 
Marshall Ind., Capacitor Div. Monrovia, Calif. 
Control Switch Division, Controls Co. 

of America El Segundo, Calif. 
Delevan Electronics Corp. East Aurora, N.Y. 
Wilco Corporation Indianapolis, Ind. 
Branson Corp. Whippany, N.J. 
Renbrandt, Inc. Boston, Mass. 
Hoffman Electronics Corp. 

Semiconductor Div. El Monte, Calif. 
Technology Instrument Corp. of Calif. 

Newbury Park, Calif. 


THE FOLLOWING HP VENDORS HAVE NO NUMBER 
ASSIGNED IN THE LATEST SUPPLEMENT TO THE 
FEDERAL SUPPLY CODE FOR MANUFACTURERS 


HANDBOOK. 
0000F Malco Tool and Die Los Angeles, Calif. 
0000Z Willow Leather Products Corp. Newark, N.J. 
QOOAB ETA England 
000BB Precision Instrument Components Co. 

Van Nuys, Calif. 
QOOCS Hewlett-Packard Co., Colorado Springs 


Colorado Springs, Colorado 


OOOMM Rubber Eng. & Development Hayward, Calif. 
OOONN A ‘‘N'’ D Mfg. Co. San Jose, Calif. 
000QQ Cooltron Oakland, Calif. 
QOOWW California Eastern Lab. Burlington, Calif. 
OOOYY S.K. Smith Co. Los Angeles, Calif. 
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Section VI 


SECTION VI 
SCHEMATIC DIAGRAMS 


6-1. INTRODUCTION. 


6-2. The schematic diagrams in this section repre- 
sent the circuits electrically. They are not wiring 
diagrams, though wire colors are given where 
practical. 


6-3. The circuits are arranged according to signal 
flow; consequently, some switch and circuit assem- 
blies may be shownin part on more than one diagram. 
If so, the reference designation is preceded by P/O, 
for "Part Of", and is followed by a notation of the 


Assembly Assembly 
Designation Name 
SO 


A2 DC REGULATOR ASSY (08708-6007) 


number of parts into which the assembly has been 
divided. 


6-4. Some of the general information obtainable 
from the schematic diagramsis shown in Figure 6-1. 
Notes and explanations of symbols pertaining to all 
the diagrams are contained in Figure 6-2. Notes 
about specific components, circuits, or conditions 
are given on the diagram to which they apply. 


6-5. As an aid to finding components and assem- 
blies in the set of diagrams, each diagram has a box 
labelled Reference Designations that contains all the 
reference designations appearing on the diagram. 


REFERENCE DESIGNATIONS 


NO PREFIX | A1-ASSY 
Aime CRI 


43 
ei 
Assembly Q1 
Part No. 


ee, 
Reference 


Designation 
Index 
J3 not Mounted 

on Assembly A2 


Le 


Socket Designation 
For A2 Assy. 


J3 
lea) ‘ 
; 
| 
| 
G47); 2 
l 
| 
“ae Value selected Plug-in Number indicates 
' for best Operation Socket Pin of Socket (XA2) 


Wire Color. ColorCode same as Resistor Code. 
First number identifies Ground Color, Second 
Number identifies Wider Strip, Third Number 
identifies Narrower Strip. E.g., 947 denotes 
White, Yellow, Violet wire (MIL-STD-681). 


value shown is 
Average or most 
Commonly selected value 


Connector 
Information 


Figure 6-1. General Information on Schematic Diagrams 
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Section VI Model 8745A 


SCHEMATIC DIAGRAM NOTES 


Resistance in ohms, capacitance in microfarads unless otherwise noted. 


Voltages shown on schematic diagrams taken with HP 414A AUTOVOLTMETER: 
input resistance 100 M2, accuracy +(1% of reading +0.5% of full scale). 


Unless otherwise indicated on schematic, voltages taken with negative terminal 
of voltmeter connected to A7TP2. 


* Asterisk denotes a factory-selected value.“ Value shown is typical. Part may 
be omitted. 


P/O =" Part Of. 


Encloses front panel designations. 


Encloses rear panel designation. 


Circuit assembly borderline. 


Other assembly borderline. 


Numbers in circles on circuit assemblies show locations of test 
points. Matching numbers are etched on the circuit assemblies. 


Encloses wire color code. Code used (MIL-STD-681) is the same 

as the resistor color code. First number identifies the ground 

color, second number the wider stripe, and the third number 
identifies the narrower stripe. E.G., denotes white ground, yellow wide 
stripe, violet narrow Stripe. 


10. &) Cy Voltage regulator (breakdown) diode. 


iis W Power Supply Common (not chassis ground). 


Figure 6-2. Schematic Diagram Notes 
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Figure 6-4. 8745A Component Identification, Top View, Units Equipped with Rear-Panel Coaxial Link 
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| Figures 6-5 and 6-6 
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Figure 6-4. 87454 Component Identification, Top View, Units Equipped with Rear-Panel Coaxial Link 
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——D—s| 4 NOTES 


|. SEE FIGURE 6-2 FOR GENERAL NOTES 
MEASUREMENT CONDITIONS 


2.CABLE DETAIL FOR SERIAL NUMBERS PREFIXED 823- 
| RF SOURCE RELAY W6 REPLACES WII, Wi2, AND WI3 
(08745-6102) 
| osu | | | 
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re eS ee | 
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BIAS 
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TERMINATION wi2Pl 
ee 0 res SUCCES NNN 00000000000 0 (4 1NG et ANN AN < < 
COUPLER w4P! H 
wig REAR PANEL 
PORTA COAXIAL LINK 
wa wi2P2 (SEE NOTE 2 THIS PAGE) 
H 
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\e | oc2 ws 
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Figure 6-5. Simplified Schematic Diagram, RF Section Figure 6-6. Schematic Diagram, RF Section 
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Figures 6-7 and 6-8 
a RELAY CONTROL SECTION 
BLOCK DIAGRAM 


CIRCUIT DESCRIPTIONS 


(a) eh am 
it) 


Model 8745A 


A 
INVERTERS 


When the inputs to the INVERTERS are openthe 
inverters conduct and their outputs are low. The op- 
posite is true wheninputs are shorted. The REMOTE- 
MANUAL SELECT inverter Q19 has three functions: 
a) when conducting it completes the circuit for front 
panel pushbuttons; b) when cut off it disables front 
panel pushbuttons; and c) sets A-B Flip-Flop to A. 


REMOTE S-PARAMETER DECODER 


The REMOTE S-PARAMETER DECODER transistors 
are normally shut off. To turn one transistor on all 
three of its inputs must be high or open. When a DE- 
CODER transistor is conducting its output is low, 
causing one of the Latching circuits to latch. 


Ki STEERING DIODES 


STEERING DIODES CR3, 7, 11, and 15 prevent the 
outputs of the Remote S-Parameter Decoder from af- 
fecting the S-Parameter Latches during front panel 
operation. In remote operation, if a front panel S- 
Parameter pushbutton is pressed, STEERING DIODES 
CR4, 8, 12 and 16 prevent the high output of the Re- 
mote Manual Select Inverter Q19 from affecting the 
S-Parameter Latches. 


S-PARAMETER LATCHES 


An S-PARAMETER LATCH will latch anytime its in- 
put is low. A low is obtained either through the asso- 
ciated front panel S-Parameter pushbutton in manual 
operationor in remote operation from the associated 
S-Parameter Decoder. When an S-PARAMETER 
LATCH is latched its output is high. 


A-B SELECT FLIP-FLOP 


When INPUT PORT A is selected the Flip-Flop out- 
puts are: 


A low and A high. 


When INPUT PORT B is selected the Flip-Flop out- 
puts are: 


A high and A low. 


RELAY DRIVERS 


Each Relay Driver has two associated OR-gates and 
one AND-gate. The output of the AND-gate is highonly 
when both of its inputs are high. To obtain highs from 
the associated OR-gates at least one input of each OR- 
gate must also be high. g 


The Test and Reference Relays are single action spring 
loaded relays. They require a high input to their Dri- 
vers at Q15 and Q17 to energize their coils. Whena 
Driver input is low the Relay will return to its normal 
state. 


The RF Source Relays are double action relays. Their 
position depends upon the direction of current flow 
through their coils. The three coils are in parallel 
and energize simultaneously. When both inputs to 
AND-gate CR50-CR54 are high Q10 is cut off and Q7 
conducts, causing current to flow through the coil in 
one direction. When one or both of the AND-gate in- 
puts is low Q7 is cut off and Q10 conducts, causing 
current to flow through the coils in the opposite 
direction. 


Figure 6-7. Relay Control Section Circuit Descriptions 
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NOTES 
|. SEE FIGURE 6-2 FOR GENERAL NOTES, 
MEASUREMENT CONDITIONS. 
2. LABELS SUCH AS SII ON THE SIGNAL ese kad niet pet, Ga all Ioaa lethal ae fe 
LINES ARE FOR IDENTIFICATION AND DO COMPLETE AS SHOWN. o tell BS Chase 
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REFERENCE DESIGNATIONS WITHIN OUTLINED (——- -——) 
ASSEMBLIES ARE ABBREVIATED. FULL DESIGNATION IN- 
CLUDES ASSEMBLY NUMBER; e.g., Rl OF ASSEMBLY Al 
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Figure 6-8. Block Diagram, Relay Control Section 
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Figure 6-9. A3 Relay Driver Assembly Component Identification for S-Parameter Latches 
Serial Numbers Prefixed 823- 
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Figures 6-9, 6-10 and 6-11 
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Figure 6-9. A3 Relay Driver Assembly Component Identification for S-Parameter Latches 
Serial Numbers Prefixed 823- 
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Figure 6-10. A3 Relay Driver Assembly Component Identification for S-Parameter Latches 
Serial Numbers Prefixed 906- and Above 


Table 6-1. Test Point Voltages for S-Parameter Latches 


CONDITION TEST POINT VOLTAGE ] 


(with respect to A7TP2) 


T 


INPUT PORT S-PARAMETER 
SELECTED SELECTED 


<0.5v | <0.5V 10.8v | 11.0V 
10.5v | <o.5v | <o.5v | 10.5Vv 


Pin 18 or 


= Shorted to J1 Pin 18 or Pin 36. 
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cl-4 
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NOTES 
SEE FIG. 6-2 FOR GENERAL NOTES, 
MEASUREMENT CONDITIONS 


REFERENCE DESIGNATIONS WITHIN OUTLINED (—— - - ——) 
ASSEMBLIES ARE ABBREVIATED. FULL DESIGNATION IN- 
CLUDES ASSEMBLY NUMBER; e.g, Rl OF ASSEMBLY Al 


1S AIR]. DESIGNATIONS OF OTHER COMPONENTS ARE 
COMPLETE AS SHOWN. 
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Figure 6-11. Relay Control Section Schematic Diagram, 
S-Parameter Selectors and Latching Circuits 
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Figure 6-12. A3 Relay Driver Assembly Component Identification for Inverters 
and Remote S-Parameter Select Decoder 
Serial Numbers Prefixed 823- 
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Figure 6-12. A3 Relay Driver Assembly Component Identification for Inverters 
and Remote S-Parameter Select Decoder 
Serial Numbers Prefixed 823- 
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Figure 6-13. A3 Relay Driver Assembly Component Identification for Inverters and 


Table 6-2. Test Point Voltages for Inverters and Remote S-Parameter Select Decoder 


Remote S-Parameter Select Decoder 
Serial Numbers Prefixed 906- and Above 


CONDITION 


TEST POINT VOLTAGE 
(with respect to A7TP2) 


<0.5V | <0.5V | >26V > 26V > 26V <0.5V 


> 26V <0.5V | >26V <0.5V 


> 26V 


> 26V 


s = Shorted to J1 Pin 18 or Pin 36. 


<0,5V 


>26V 
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REFERENCE DESIGNATIONS NOTES 
NO PREFIX SEE FIGURE 6-2 FOR GENERAL NOTES, 


CR21-32 MEASUREMENT CONDITIONS. 
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Figure 6-14. Relay Control Section Schematic Diagram, 
Inverters, and Remote S-Parameter Select Decoder 
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Figure 6-15. A3 Relay Driver Assembly Component Identification for OR-Gate, AND-Gate and Relay Drivers 
Serial Numbers Prefixed 823- 


Figure 6-16. A5 Bias Filter Assembly Figure 6-17. A5 Bias Filter Assembly 
Component Identification Component Identification 
Serial Numbers Prefixed 823- Serial Numbers Prefixed 906- and Above 
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Figure 6-15. A3 Relay Driver Assembly Component Identification for OR-Gate, AND-Gate and Relay Drivers 
Serial Numbers Prefixed 823- 


-08745- 6024 
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Figure 6-16. A5 Bias Filter Assembly Figure 6-17. A5 Bias Filter Assembly 
Component Identification Component Identification © 
Serial Numbers Prefixed 823- Serial Numbers Prefixed 906- and Above 
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Figures 6-20, 6-21 and 6-22 
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Figure 6-22. Relay Control Section Schematic Diagram, 
Power Supply 


Figure 6-21. A4 Interconnect Assembly Component Identification 
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APPENDIX | 


MANUAL CHANGES 


To adapt this manual to instruments with Serial Numbers listed in the table below, make the 
indicated manual changes. 


Information for adapting this manual to instruments with Serial Numbers not listed in the table 
below may be included in a yellow MANUAL CHANGES insert supplied with this manual. 
Information about Serial Numbers not covered in any of these ways can be obtained from the 
nearest Hewlett-Packard office. 


SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES 


CHANGE A: The main difference between instruments with serial num- 
bers prefixed 823 and those with serial numbers prefixed 
906 is that those with the 906 prefix have a removable 
coaxial link on the rear panel. All differences pertaining 
to this link are noted where they apply throughout the manual. 
All other differences are noted below: 


Page 5-2, Table 5-1: 
Delete A3C1 thru A3C4. 


Page 5-4, Table 5-1: 
Change A3R4, A3R7, A3R10, A3R13, and A3R15 to HP Part No. 0683-2215, 
R: FXD COMP 220 OHM 5% 1/4W. 


Change A3R14 to HP Part No. 0683-1825, R: FXD COMP 1800 OHM 5% 1/4W. 
Page 5-5, Table 5-1: 

Change A3R18 to HP Part No. 0683-2215, R: FXD COMP 220 OHM 5% 1/4W. 

Change A3R19 to HP Part No. 0683-1825, R: FXD COMP 1800 OHM 5% 1/4W. 


Change A3R23, A3R28, and A3R33 to HP Part No. 0683-2725, R: FKD COMP 2700 OHM 
5% 1/4W. 


Change A3R59 to HP Part No. 0683-1025, R: FXD COMP 1000 OHM 5% 1/4W. 
Page 5-6, Table 5-1: 

Change A3R66 to HP Part No. 0683-1025, R: FXD COMP 1000 OHM 5% 1/4W. 

Change A3R74 to HP Part No. 0683-1625, R: FXD COMP 1600 OHM 5% 1/4W. 


Change A3R83 and A3R84 to HP Part No. 0698-3150, R: FKXD MET FLM 2.37K OHM 
1% 1/8W. 


Change A5C1 thru A5C4 to HP Part No. 0180-0049, C: FXD AL ELEC 20 uF 50 VDCW. 
Change A5R1 and A5R2 to HP Part No. 0757-0059, R: FXD MET FLM 1 MEGOHM 
1% 1/2W. 
Page 5-7, Table 5-1: 
Change W2 to HP Part No. 08745-2037, ASSY: CABLE TEST OUT TO A7. 
Add W6 HP Part No. 08745-2039, CABLE ASSY: A6 to A8. 
Delete W11, W12, and W13. 
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CHANGE A: Page 5-12, Table 5-2: 


(Cont'd) 


CHANGE B: 


I-2 


Delete HP Part No. 0150-0093. 


Change HP Part No. 0180-2210 to 0180-0049, C: FXD AL ELECT 20 pF 50 VDCW, 
Mfr. 56289, Mfr. Part No. 30D206G050DC6M1, TQ 4. 


Add 0683-1025, R: FXD 1000 OHM 5% 1/4W, Mfr. 01121, Mfr. Part No. CB 1025, TQ 2. 
Delete HP Part No. 0683-1055. 


Add 0683-1625, R: FXD COMP 1600 OHM 5% 1/4W, Mfr. 01121, Mfr. Part No. 
CB 1625, TQ 1. 


Add 0683-1825, R: FXD COMP 1800 OHM 5% 1/4W, Mfr. 01121, Mfr. Part No. 
CB 1825, TQ 2. 


Add 0683-2215, R: FXD COMP 220 OHM 5% 1/4W, Mfr. 01121, Mfr. Part No. 
CB 2215, TQ6. 


Add 0683-2725, R: FXD COMP 2700 OHM 5% 1/4W, Mfr. 01121, Mfr. Part No. 
CB 2725, TQ 3. 


Change HP Part No. 0698-3150 TQ to 4. 


Add 0757-0059, R: FXD MET FLM 1 MEGOHM 1% 1/2W, Mfr. 28480, 
Mfr, Part No. 0757-0059. 


Delete HP Part Numbers: 0758-0003, 0758-0004, 0758-0015, 0758-0034, 
0758-0043, and 0758-0063. 


Page 5-13, Table 5-2: 
Add HP Part No. 08745-2037, CABLE ASSY: TEST OUT TO AT, Mfr. 28480, 
Mfr. Part No. 08745-2037, TQ 1. 


Add 08745-2039 CABLE ASSY: A6 to A8. 
Delete HP Part Numbers: 08745-20060, 08745-20062, 08745-20063, and 08745-20064. 


Page 6-9, Figure 6-11: 
Delete A3C1, A3C2, A3C3, and A3C4, 


Page 6-13, Figure 6-19: 
Change A3R83 and A3R84 to 2370 ohm. 
Change A5C1 thru A5C4 to 20 uF. 


Page 5-7, Table 5-1: 
Change F1 to: 2110-0008 FUSE:CARTRIDGE 1/2 AMP SLO-BLO (230V) 


2110-0018 FUSE: CARTRIDGE 0.25 AMP SLO-BLO (115V). 
Change S1 to: 3101-0100 SWITCH: PUSHBUTTON SPDT. 
Change S2 to: 3101-0033 SLIDE SWITCH:DPDT. 
Change Wi to: 8120-0078 CABLE ASSY: POWER CORD. 


Page 5-8) Table 5-—t: 
Change Item 4 to: 08745-0012 SUB DECK. 


Page 5-9, Table 5-1: 
Change Item 11 to: 08745-0007 FRONT PANEL. 


Page 5-13, Table 5-2: 
Delete: 2110-0336 and 2110-0340 
Add: 2110-0008 FUSE:1/2 AMP SLO-BLO (230V) 28480 2110-0008 TQ 1 
2110-0018 FUSE:1/4 AMP SLO-BLO (115V) 28480 2110-0018 TQ 1. 
Delete: 3101-1234 
Add: 3101-0033 SWITCH:SLIDE DPDT 79727 6510 C TQ 1. 
Delete: 3101-1248 
Add: 3101-0100 SWITCH: PUSHBUTTON SPDT 87034 SW-624-109 TQ 1. 
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CHANGE B: Delete: 8120-1348 
oe! Add: 8120-0078 CABLE ASSY:POWER CORD 28480 8120-0078 TQ 1. 
Delete: 08745-00047 
Add: 08745-0007 FRONT PANEL 28480 08745-0007 TQ 1. 
Delete: 08745-00048 
Add: 08745-0012 SUB DECK 28480 08745-0012 TQ1. 
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ELECTRONIC INSTRUMENTATION SALES AND SERVICE 
UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA 


ALABAMA 

P.O. Box 4207 

2003 Byrd Spring Road S.W 
Huntsville 35802 

Tel: (205) 881-4591 

TWX: 810-726-2204 


ARIZONA 

3009 North Scottsdale Road 
Scottsdale 85251 

Tel: (602) 945-7601 

TWX: 910-950-1282 


5737 East Broadway 
Tucson 85716 

Tel: (602) 298-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel: (415) 327-6500 
TWX: 910-373-1280 


2220 Watt Ave. 

Sacramento 95825 
Tel: (916) 482-1463 
TWX: 910-367-2092 


1055 Shafter Street 
San Diego 92106 

Tel: (714) 223-8103 
TWX; 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


ARGENTINA 

Hewlett-Packard Argentina 
S.A.C.e.1 

Lavalle 1171 - 3° 

Buenos Aires 

Tel; 35-0436, 35-0627, 35-0431 
Telex: 012-1009 

Cable: HEWPACKARG 


BRAZIL 

Hewlett-Packard Do Brasil 
1.e.C Ltda. 

Rua Coronel: Oscar Porto, 691 
Sao Paulo - 8, SP 

Tel: 288-7111 

Cable: HEWPACK Sao Paulo 


Hewlett-Packard Do Brasil 
l.e.C. Ltda. 

Avenida Franklin Roosevelt 84- 
grupo 203 

Rio de Janeiro, ZC-39, GB 

Tel: 232-9733 

Cable: HEWPACK Rio de Janeiro 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11745 Jasper Ave. 

Edmonton 

Tel: (403) 482-5561 

TWX: 610-831-2431 


CONNECTICUT 
508 Tolland Street 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 


111 East Avenue 
Norwalk 06851 

Tel: (203) 853-1251 
TWX: 710-468-3750 


DELAWARE 

3941 Kennett Pike 
Wilmington 19807 

Tel: (302) 655-6161 
TWX: 510-666-2214 


FLORIDA 

P.O. Box 24210 

2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 

Tel: (305) 731-2020 

TWX: 510-955-4099 


P.O. Box 20007 

Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 

Tel: (305) 841-3970 

TWX: 810-850-0113 


P.O. Box 8128 
Madeira Beach 33708 
410 150th Avenue 

St. Petersburg 

Tel: (813) 391-0211 
TWX: 810-863-0366 


GEORGIA 

P.0. Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


INDIANA 

3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


CHILE 

Héctor Calcagni y Cia, Ltda. 
Bustos, 1932-3er Piso 
Casilla 13942 

Santiago 

Tel; 4-2396 

Cable: Calcagni Santiago 


COLOMBIA 

Instrumentacion 

Henrik A. Langebaek & Kier 
Ltda 

Carrera 7 No. 48-59 

Apartado Aereo 6287 

Bogota, 1 D.E. 

Tel: 45-78-06, 45-55-46 

Cable: AARIS Bogota 

Telex: 044-400 


COSTA RICA 

Lic. Alfredo Gallegos Gurdian 
Apartado 3243 

San José 

Tel: 21-86-13 

Cable: GALGUR San José 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
1037 West Broadway 
Vancouver 12 

Tel: (604) 731-5301 

TWX: 610-922-5059 


UNITED STATES 


LOUISIANA 

P.O. Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND 

6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-0850 


P.O. Box 1648 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 = 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

24315 Northwestern Highway 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


2812 South Brentwood Blvd. 
St. Louis 63144 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.O. Box 8366 

Station C 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 

Tel: (505) 265-3713 

TWX: 910-989-1665 


156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Central Avenue 
Albany 12205 

Tel: (518) 869-8462 
TWX: 710-441-8270 


1219 Campville Road 
Endicott 13760 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 

TWX: 510-223-0811 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-541-0482 


NORTH CAROLINA 
P.O. Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 885-8101 
TWX; 510-926-1516 


CENTRAL AND SOUTH AMERICA 


ECUADOR 

Laboratorios de Radio-Ingenieria 
Calle Guayaquil 1246 

Post Office Box 3199 

Quito 

Tel: 12496 

Cable: HORVATH Quito 


EL SALVADOR 

Electrénica 

Apartado Postal 1589 

27 Avenida Norte 1133 

San Salvador 

Tel: 25-74-50 

Cable: ELECTRONICA 
San Salvador 


GUATEMALA 

Olander Associates Latin America 
Apartado Postal 1226 

Ruta 4, 6-53, Zona 4 

Guatemala City 

Tel: 63958 

Cable: OLALA Guatemala City 


JAMAICA 

General Engineering Services, 
Ltd. 

27 Dunrobin Ave. 

Kingston 

Tel: 42657 

Cable: GENSERV 


MEXICO 


Hewlett-Packard Mexicana, S.A. 


de C.V. 

Moras 439 

Col. del Valle 
Mexico 12, D.F. 
Tel: 5-75-46-49 


NICARAGUA 

Roberto Teran G. 
Apartado Postal 689 
Edificio Teran 

Managua 

Tel: 3451, 3452 

Cable: ROTERAN Managua 


CANADA 


MANITOBA 
Hewlett-Packard (Canada) Ltd 
511 Bradford Ct. 

St. James 


Tel: (204) 786-7581 
TWX: 610-671-3531 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd 
2745 Dutch Village Rd. 

Suite 203 

Halifax 

Tel: (902) 455-0511 

TWX: 610-271-4482 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tel: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925 


1120 Morse Road 
Columbus 43229 
Tel; (614) 846-1300 


OKLAHOMA 

2919 United Founders Boulevard 
Oklahoma City 73112 

Tel: (405) 848-2801 

TWX: 910-830-6862 


OREGON 

Westhills Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 

Tel: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 
2500 Moss Side Boulevard 
Monroeville 15146 
Tel: (412) 271-0724 
TWX: 710-797-3650 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215) 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave 
East Providence 02914 
Tel: (401) 434-5535 
TWX: 710-381-7573 


TEXAS 

P.O. Box 1270 

201 E. Arapaho Rd. 
Richardson 75080 

Tel: (214) 231-6101 
TWX: 910-867-4723 


PANAMA 

Electrénica Balboa, S.A. 

P.O. Box 4929 

Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 

Panama City 

Tel: 30833 

Cable: ELECTRON Panama City 


PERU 

Fernando Ezeta B. 

Avenida Petit Thouars 4719 
Miraflores 

Casilla 3061 

Lima 

Tel: 45-2335 

Cable: FEPERU Lima 


PUERTO RICO 

San Juan Electronics, Inc. 
P.O. Box 5167 

Ponce de Leon 154 

Pda. 3-Pta. de Tierra 

San Juan 00906 

Tel: (809) 725-3342 

Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 

Ottawa 3 

Tel: (613) 722-4223 

TWX; 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd. 

Rexdale 

Tel: (416) 677-9611 

TWX: 610-492-4246 


P.O. Box 22813 
6300 Westpark Drive 
Suite 100 

Houston 77027 

Tel: (713) 781-6000 
TWX: 910-881-2645 


231 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 487-0715 
TWX: 910-925-5681 


VERMONT 

P.O. Box 2287 

Kennedy Drive 

South Burlington 05401 
Tel: (802) 658-4455 
TWX: 710-658-4712 


VIRGINIA 

P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 282-5451 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 


*WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey... Skokie, 
Illinois. Their complete ad- 
dresses are listed above. 


*Service Only 


URUGUAY 

Pablo Ferrando S.A. 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Cable: RADIUM Montevideo 


VENEZUELA 

Hewlett-Packard De Venezuela 
C.A. 

Apartado 50933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
Cable: HEWPACK Caracas 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94394 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 


QUEBEC 
Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Pointe Claire, at 
the complete address listed 
above. 
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ELECTRONIC INSTRUMENTATION SALES AND SERVICE 
EUROPE, AFRICA, ASIA, AUSTRALIA 


AUSTRIA 

Unilabor GmbH 

Wissenschaftliche Instrumente 

Rummelhardtgasse 6/3 

P.O. Box 33 

Vienna A-1095 

Tel: (222) 42 61 81, 43 13 94 

Cable: LABORINSTRUMENT 
Vienna 

Telex: 75 762 


BELGIUM 

Hewlett-Packard Benelux S.A. 
348 Boulevard du Souverain 
Brussels 1160 

Tel: 72 22 40 

Cable: PALOBEN Brussels 
Telex; 23 494 


DENMARK (May 70) 
Hewlett-Packard A/S 
Datavej 38 

OK-3460 Birkeroed 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 66 40 


EASTERN EUROPE 

Hewlett-Packard S.A. Genf. 

Korrespondenz Biro Fir Ost- 
Europa 

(Czechoslovakia, Hungary, 
Poland, DDR, Rumania, 
Bulgaria) 

Innstrasse 23 

Postfach 

A-1204 Vienna, Austria 

Tel: (222) 33 66 06 

Cable: HEWPACK Vienna 


FINLAND 
Hewlett-Packard Oy 
Bulevardi 26 

P.O. Box 12185 

Helsinki 12 

Tel; 13-730 

Cable: HEWPACKOY-Helsinki 
Telex: 12-1563 


ANGOLA 

Telectra Empresa Técnica 
de Equipamentos Eléctricos 
SAR 

Rua de Barbosa Rodrigues 
42-1° 

Box 6487 

Luanda 

Cable: TELECTRA Luanda 


AUSTRALIA 

Hewlett-Packard Australia 
Pty. Ltd. 

22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (6 lines) 

Cable: HEWPARD Melbourne 

Telex: 31024 


Hewlett-Packard Australia 
Pty. Ltd. 

61 Alexander Street 

Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 

Telex: 21561 


Hewlett-Packard Australia 
Pty. Ltd. 

97 Churchill Road 

Prospect 5082 

South Australia 

Tel: 65.2366 

Cable: HEWPARD Adelaide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelaide Terrace 

Perth, W.A. 6000 

Tel: 21-3330 


Hewlett-Packard Australia 
Pty. Ltd. 

10 Woolley Street 

P.O. Box 191 

Dickson A.C.T, 2602 

Tel: 49-8194 

Cable: HEWPARD Canberra 


CEYLON 

United Electricals Ltd. 
P.O. Box 681 

Yahala Building 

Staples Street 

Colombo 2 

Tel: 5496 

Cable: HOTPOINT Colombo 


FRANCE 
Hewlett-Packard France 
Quartier de Courtaboeuf 
Boite Postale No. 6 

91 Orsay 

Tel: 920 88 01 

Cable: HEWPACK Orsay 
Telex: 60048 


Hewlett-Packard France 
4 Quai des Etroits 

69 Lyon 5éme 

Tel: 42 63 45 

Cable: HEWPACK Lyon 
Telex: 31617 


GERMANY 

Hewlett-Packard Vertriebs-GmbH 
Lietzenburgerstrasse 30 

1 Berlin 30 

Tel: (0811) 211 60 16 

Telex: 18 34 05 


Hewlett-Packard Vertriebs-GmbH 
Herrenbergerstrasse 110 

703 Béblingen, Wiirttemberg 
Tel: 07031-6671 

Cable: HEPAG Boblingen 

Telex; 72 65 739 


Hewlett-Packard Vertriebs-GmbH 
Achenbachstrasse 15 

4 Dilsseldorf 1 

Tel: 68 52 58/59 

Telex: 85 86 533 


Hewlett-Packard Vertriebs-GmbH 
Berliner Strasse 117 

6 Nieder-Eschbach/Frankfurt 56 
Tel: (0611) 50 10 64 

Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 


Hewlett-Packard Vertriebs-GmbH 
Beim Strohhause 26 

2 Hamburg 1 

Tel: 24 05 51/52 

Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 


CYPRUS 

Kypronics 

19-19D Hommer Avenue 
P.O, Box 752 

Nicosia 

Tel: 6282-75628 

Cable: HE-l-NAMI 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P. 0. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel; 12285 

Cable: ASACO Addisababa 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd. 
P.O, Box 297 

1511, Prince's Building 

10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

Blue Star Ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 20BR, India 
Tel: 29 50 21 

Telex: 2396 

Cable: BLUEFROST 


Blue Star Ltd. 

Band Box House 
Prabhadevi 

Bombay 2500, India 
Tel: 45 73 01 

Telex: 2396 

Cable: BLUESTAR 


Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 


Blue Star, Ltd. 

7 Hare Street 
P.O. Box 506 
Calcutta 1, India 
Tel: 23-0131 
Telex: 655 
Cable: BLUESTAR 


Blue Star Ltd. 

Blue Star House, 
34 Ring Road 
Lajpat Nagar 

New Delhi 24, India 
Tel: 62 32 76 
Telex: 463 

Cable: BLUESTAR 


EUROPE 


Hewlett-Packard Vertriebs-GmbH 
Reginfriedstrasse 13 

8 Miinchen 9 

Tel: 0811 69 59 71/75 

Cable: HEWPACKSA Minchen 
Telex: 52 49 85 


GREECE 

Kostas Karayannis 

18, Ermou Street 

Athens 126 

Tel: 230301,3,5 

Cable: RAKAR Athens 
Telex: 21 59 62 RKAR GR 


IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 

Slough, Bucks, England 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Via Amerigo Vespucci 2 

20124 Milano 

Tel: 6251 (10 lines) 

Cable: HEWPACKIT Milan 
Telex: 32046 


Hewlett-Packard Italiana S.p.A. 
Palazzo Italia 

Piazza Marconi 25 

00144 Rome - Eur 

Tel; 591 2544 

Cable: HEWPACKIT Rome 
Telex: 61514 


AFRICA, ASIA, 


Blue Star, Ltd 

96 Park Lane 
Secunderabad 3, India 
Tel: 7 63 91 

Cable: BLUEFROST 


Blue Star, Ltd. 

23/24 Second Line Beach 
Madras 1, India 

Tel: 2 39 55 

Telex: 379 

Cable: BLUESTAR 


Blue Star, Ltd. 

1B Kaiser Bungalow 
Dindli Road 
Jamshedpur, India 
Tel: 38 04 

Cable: BLUESTAR 


INDONESIA 

Bah Bolon Trading Coy. N.V. 
Djalah Merdeka 29 
Bandung 

Tel: 4915 51560 

Cable: ILMU 

Telex: 809 


IRAN 

Telecom, Ltd. 

P. 0. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel: 43850, 48111 
Cable: BASCOM Teheran 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

17 Aminadavy Street 

Tel-Aviv 

Tel: 36941 (3 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Baste! Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Nisei Ibaragi Bidg. 

2-2-8 Kasuga 

Ibaragi-Shi 

Osaka 

Tel: 23-1641 


Yokogawa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel: 551-0215 


NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weerdestein 117 

P.O. Box 7825 

Amsterdam, Z 11 

Tel: 020-42 7777 

Cable; PALOBEN Amsterdam 
Telex: 13 216 


NORWAY 
Hewlett-Packard Norge A/S 
Box 149 

Nesveien 13 

N-1344 Haslum 

Tel; 53 83 60 

Cable: HEWPACK Oslo 
Telex: 6621 


PORTUGAL 

Telectra 

Empresa Tecnica de 
Equipamentos 

Electricos, S.a.r.l. 

Rua Rodrigo da Fonseca 103 

P.O. Box 2531 

Lisbon 1 

Tel: 68 60 72 

Cable: TELECTRA Lisbon 

Telex: 1598 


SPAIN 

Ataio Ingenieros SA 
Ganduxer 76 

Barcelona 6 

Tel: 211-44-66 

Cable; TELEATAIO BARCELONA 


AUSTRALIA 


Yokogawa-Hewlett-Packard Ltd 
Ohashi Building 

59 Yoyogi 1-chrome 
Shibuya-ku, Tokyo 

Tel: 370-2281/7 

Telex; 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


KENYA 

R. J. Tilbury Ltd. 

P. 0. Box 2754 

Suite 517/518 

Hotel Ambassadeur 
Nairobi 

Tel: 25670, 68206, 58196 
Cable: ARJAYTEE Nairobi 


KOREA 

American Trading Co., Korea, Ltd 
P.O. Box 1103 

Dae Kyung Bldg 

107 Sejong Ro 

Chongro Ku 

Seoul 

Tel: 75-5841 (4 lines) 

Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Beirut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd. 

2 Lorong 13/6A 

Section 13 

Petaling Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. N. Goncalves, LDA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
32-34 Kent Terrace 

P.O. Box 9443 

Wellington, N.Z. 

Tel; 56-559 

Cable: HEWPACK Wellington 


PAKISTAN (EAST) 
Mushko & Company, Ltd. 
Zirat Chambers 

31, Jinnah Avenue 

Dacca 

Tel: 280058 

Cable: NEWDEAL Dacca 


Ataio Ingenieros SA 
Enrique Larreta 12 
Madrid, 16 

Tel: 215 35 43 

Cable: TELEATAIO Madrid 
Telex: 2749E 


SWEDEN 

Hewlett-Packard (Sverige) AB 
Hagakersgatan 9C 

S 431 04 MGindal 4 

Tel: 031 - 27 68 00 


Hewlett-Packard (Sverige) AB 

Svetsarvagen 7 

$171 20 Solna 1 

Tel; (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


SWITZERLAND 

Hewlett Packard (Schweiz) AG 
Zurcherstrasse 20 

8952 Schlieren 

Zurich 

Tel: (051) 98 18 21/24 

Cable: HEWPACKAG Zurich 
Telex: 53933 


Hewlett Packard (Schweiz) A.G 
Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Telex: 2 24 86 


PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 

Victoria Road 

Karachi 3 

Tel: 511027, 512927 

Cable: COOPERATOR Karachi 


PHILIPPINES 
Electromex Inc. 

Makati Commercial Center 
2129 Pasong Tamo 
Makati, Rizal D 708 

P.O. Box 1028 

Manila 

Tel: 89-85-01 

Cable: ELEMEX Manila 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd. 

9, Jalan Kilang 

Singapore, 3 

Tel: 642361-3 

Cable: MECOMB Singapore 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

Breecastle House 

Bree Street 

Cape Town 

Tel: 3-6019, 3-6545 

Cable: HEWPACK Cape Town 

Telex: 5-0006 


Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

30 De Beer Street 

Braamfontein, Johannesburg 

Tel: 724-4172 724-4195 

Telex: 0226 JH 

Cable: HEWPACK Johannesburg 


TAIWAN REP. OF CHINA 
Hwa Sheng Electronic Co., Ltd. 
P.O. Box 1558 
Room 404 
Chia Hsin Building 
No. 96 Chung Shan 
North Road, Sec. 2 
Taipei 
Tel: 555211 Ext. 532-539 
545936, 546076, 548661 
Cable: VICTRONIX Taipei 


TURKEY 

Telekom Engineering Bureau 
P.O. Box 376 - Galata 
Istanbul 

Tel: 49 40 40 

Cable: TELEMATION Istanbul 


UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks 

Tel: Slough 33341 
Cable: HEWPIE Slough 
Telex: 84413 


Hewlett-Packard Ltd. 
The Graftons 
Stamford New Road 
Altrincham, Cheshire 
Tel: 061 258-8626 


USSR 

Please Contact 

Hewlett-Packard S.A 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Switzerland 

Telex: 2.24.86 


YUGOSLAVIA 

Belram S.A. 

83 avenue des Mimosas 
Brussels 15, Belgium 

Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 
Switzerland 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 

Telex: 2.24.86 


TANZANIA 

R. J. Tilbury Ltd 

P.O. Box 2754 

Suite 517/518 

Hote] Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


THAILAND 

The International 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 

Bangkok 

Tel: 910722 (7 lines) 

Cable: GYSOM 

TLX INTENCO BK-226 Bangkok 


UGANDA 

R. J. Tilbury Ltd. 

P.O, Box 2754 

Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


VIETNAM 

Peninsular Trading Inc, 
P.O. Box H-3 

216 Hien-Vuong 

Saigon 

Tel: 20.805 

Cable: PENINSULA Saigon 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
P.O. Box 2792 

Lusaka 

Zambia, Central Africa 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 


he 
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